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its CnlltillCCCl lines nlonc, tllici S<I tncld <1. S'nf’'Pf'rnm j-t 

was fan.l.ar Th.s co„ci.l.o„ lad „ot o^lt F "*r ** 

impossible to reach the reqmnsj temperature but ber^n ^ ih because it was 

aavdope of coolor vapoors^haiXXlw:.^:.!'5^ “ 

m the ceotre of the spark II loilowed. however 2T„cW?Jl 1 f.f 

of a celestial spectrum with a larestaal one was Mt necessary ordJ'tfitaMsh ttIT 

the corresponding substance in the heavenly body Since the distnbution ^ presence of 

atmosphere of a star might be ,iite diherent^romV in ^ 

quite a diftcrent association of ordinary and enhanced lines m the two spectra If howwr th^ 
ordinary and enhanced lines wme carefully sorted out there would hf^ nn ffi 14- ' ' ^ 

"°'l“I.mddb'''T' “"'Pa-tnre, of the atmosphere of 

restdt of processes fakmg place „ ,L ultimate atomf An atoi^^i “Zd ^ 

with a central nucleus of posiln dcctr.c.ty, surrounded by a numbj^; oZtotanZlZ, “ 

negative electricity The total imount of positive electricitv forminp* i ^ 
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element is distinguished fiom uothcr merely by the amount of Z olectmity md nfr”l’’ '‘'i'* ‘T' 

Thrm^iziZHd 

many as mnetytwo Now, th, ordinary spectrum of a substauco .sZ^r^ ZrucdtbZ.r 
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up to a certain pomt When , e temperatum roaches a ccTtam stage Z a^Z.on wLT'f' 
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ordinary spectra of two differen elements The reason why we do 
no m the laboratory, get thf enhanced lines totally free fiom 
ordmapr ones is that we cannotionise all the atoms in our sources 
of light Those which are lonisd give enhanced lines , the others 
give ordm^y lines, and the reailtmg spectrum is the sum of the 
wo se s In the hottest stars, lowever, enhanced lines are shown 
free from the ordmary ones Ore other point should be mentioned 
^ ^‘oturn to.the charachristics of stellar spectra , namely, 
fnr H ff ^ emperature at which ionisation takes place is different 
different elements It is conparatively low for some elements, 

hvH example, bit very much higher for helium and 

ydrogen This is an importani point, for, as we shaU see, it has 

^ j ° ^^e exphnation of the succession of types 

in the Harvard sequence 

We can now examine the chief features of the succession of 
^ advaitageous point of view It appears 
at the pneral order of chanje, from the earliest to the latest 
ypes, IS e pa ual replacement, as the most prominent substance, 
o ionise ordinary hdium, ordmary helium by ordinary 

hydrogen, ordinary hydrogen bj ionised metals, ionised metals by 
o’^‘ii"ary netals by chc-mical compounds In 
the light of laboratory experience, we can say at once that we are 
m the presence here of a conmuous ttecrease of temperature 
e IS the most difficult substance to ionise, and we must 
assume that it is only m the hottest stars that ionised lines of helium 
can e pro uced At the other md of the sc.ile, where compounds 
occur, we are evidently dealing with compaiatively low tempera- 

1 j. highest temperatures attainable in the 

laboratory, aU known compouncls are broken up into their con¬ 
stituent elements The order of change from the earliest to the 
a es spectra of the sequence s, moreover, precisely what we 
should expect, m the hght of experiment, from a gradual decrease 
Of temperature 

It must be borne in mind, of course, that we have been speaking 
on y 0 the most promment hnes in the spectra Each tiqi® of 
spectrum contains a multitude ot lines, soipe of which are very 
faint, but the known origins of all the hnes that can be identified 
^e quite consistent with the assumption of a steady decrease of 
temperature from B to M The reason why some lines stand out 
strongly—-such as the hydrogen lipes m the spectrum of Vega, for 
instance—is very largely attributable to the fact that, at the 
temperatures existing m the atmospheres of the stars, the strongest 
hnes of the other substances are in the far ultra-violet region of 
t e spectrum, th^ light of which is ab^piibeiby our own^ atmosphere 
and never reaches qs Owmg to this very great disadvantage under 
which we have to labour, we canno^t conclude that, because a 
substance does not appear to be represented’m the spectrum of a 
star. It does, not therefore exist in the atmosphere of the star 
Indeed, the great probability is that the atmospheres of all stars 
are very much alike m chemical -composition, and that the 
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ditieiences^obsen ed in the spectra aie due chidly 
to differences of temperature This is a \ery 
important fact, which was not realised by the 
earliest observeis 

We have said that the differences arc due 
chiefly to differences of temperature, and not 
entirely so, because there are other influences 
which play some part m the matter Density, for 
instance, has an effect on the spectrum of a sub¬ 
stance , a decrease of density has the same effect 
as an increase of temperature, though to a veiy 
much smaller extent Within the mam part of 
the Harvard sequence, with which we are dealing, 
we can say, without sensible error, that two stars 
which show the same spectrum, so far as the 
pi eminent lines are concerned, have approxi¬ 
mately the same temperature If their atmo¬ 
spheres have ditfeient densities, the difference will 
show itself in less conspicuous details, which have 
only recently been recognised Now that they are 
known, however, they are of enoimous importance 
in extending our knowledge of the conditions in 
stellar atmospheres, and also m connection with ' 
the most compiehensive pioblcms of astro¬ 
physics 

The order of temperature deduced in the way 
we have described has been confirmed by a quite 
independent method, based on a property of the 
continuous background of the spectra, and not on 
the dark lines It is known that if a body having 
certain properties be heated to incandescence, so 
that it radiates a continuous spectrum, the dis¬ 
tribution of energy throughout the spectrum 
depends only on the temperature of the body, in 
a manner which has been well determined The 
hotter the body, the gi eater the proportion of 
energy which is thrown into the violet end of the c 
spectrum Now if we assume that the interiors 
of stars have the same properties as those bodies 
which have been experimented on in the labora¬ 
tory, we can deduce their effective temperatures 
from a study of the distribution of energy in the 
spectra (The phrase “ effective temperatures " is 
used to allow for the probability that the tem¬ 
perature varies over a wide range in the interior 
of a star The temperature determined in the way 
wc are describing is that which a body of unifoim 
temperature would have if it radiated the same 
continuous spectrum as that given by the star) 
This has been done, and it has been found that the 



SIl-lULIURnS OJ^ AlOMh 
(A; Ordiiniy atom of inaKmsium (B) Ioms(<l atom ol 
niai^ncsmm (c,) Oidm uv ,iioiu of sodmni (dj^i^riaiiimcila) 
me immbci at the centre, rcouscnlb the positive dcclnc. 
chaige on the imdats In <il] ordinaly <itonis it is the saim^ 
IS the mimbci ol suiioundmg elections it will be iiotictd 
that oidmaiv magnesium <liffcis Iroin ionised inagnesmin 
only in the nunibci oi tkctions, and ionised iimgiicsium 
dittcrs from ordniar} sodium only in the ccnti il cluiigt 
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order of temperature shoun b> this method is in exceUent agreement with that determined from the 
haracter of the spectrum lines We should not expect the agreement to extend to the mZduS 
temperatirnes, for two reasons In the first place, since the spectrum lines are produced in the atmo¬ 
spheres of the stars, and the continuous spectra are radiated from fhe interiors, the temperatures are 

j ^ those of different 

Hy legions Second- 

L " ! ^ 3 4 # : fi -7 i» ly^ the distribu¬ 

tion of energy in 
the continuous 
spectnim depends 
onl} on the tem¬ 
perature, whereas 
Im the spectrum 

I hH lines, as we ha\ e 

I seen, are influ- 

i Mi enced to some e\- 

1 ^^ tent by density 

^1 other things 

B f « ^0 7^7 But we may quite 

B 2 42 2 7 reasonably expect 

^ that the yelahve 

1 3 4420 temperatures of 

4 458 , stars, deter- 

5 4757 ^^^iried by the two 

1 _ ' methods, should 

^ 4951 agree, and this is 

7 6162 actually found to 

l. 8, 5447 te SO , the agree- 

, , ** ' ' ment between the 

9 5697 actual values, in 

!0 - 5766 fact, IS closer than 

would have been 
anticipated from 

1 ^ ^ the conditions of 

the problem To 
^ gi\ e some general 

idea of the results 

i,obtained, it may 

be said that, from 
temperatures of 
15,000 degrees 
. Centigrade at the 

" top of the Har- 

^ vard sequence, 

Ssrctjwjtg we descend to 

iStonyhurst College Obseroatory aboUt 3>000 de- 

This photograph shows very clearly^f grees Centigrade 





SE:ct;wt% I — 

iStonyhurst College Obseroatory 

Tbi-.e 1 . i_ r^ROGRUSSIVE STBniyAR SPjECTIlA 

of the ch^e*from°OTe^SMcta^^ cl^ f Harvard sequence, the gradual character 

a Tauri belongs to aass K and the characteristic of the whole sequence 

at the top r^r^’eri o ret ^ successive divBions of aass M The two spectra 

P o Ceti a variable star—at different tunes during its period 
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PROGRESSnr, SPlvClR\ OF STARS OF nPR X 
In Ous photogiaph the giadual Uuingc of speettum withui a single class N 
IS shown Ihc piogicssiou is iiuukcd by the giaduil mteiisilicatiou of’thc 
(laik carbon absorption bauds ncu the centre These barrels ai e character istie 
ol Ihita l\pc oC spectium 


these as till tempcTciluH s nccii the 
siirLicc's of the stais, in the in¬ 
teriors, tempeiatiires of millions of 
decrees are probably attained, 
tliougli for then determination we 
have at present to rely on thto- 
letical calculations, no e\pt‘i imimtal 
methods of measuumitmt die 
Lnovm 

The most impoitant and fai- 
leachmgfact about stellai spectia is 
undoiibl(‘dIy the c‘\ist(‘nce of the 
Harvaid st^qiitmce and its m('Sbagt‘ 
It has optnied oui t^cs to imnm 
agmed a\enues into lh(‘ mysieiK's of 
the imueise, and it is ])n)bdbl(‘ that 
<ire as yid onl\ at tht‘ beginning 
of a Utilisation of its ])()l(^nliali(i(‘s 
But theit‘ .iu‘ ()tlu‘i (iualili(‘s oi the 
sp(‘ctia ol which we must taki^ ai- 
count--(piahties which lia\(^ gi\(‘n 
us inloimation on imLtteis <ippai- 
ently ()utsid(‘ the s(op( ol spi'dio- 
scopy all()g(‘tlu‘i Itididible as it 
seems, tlunc issuiuelv <1 singh* jiliys- 
ical Ol chtmucal propeiiy of <i stai 
In this lespect, mdt'ed, th(‘ sptciium 
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132 SclijcUciiip 
(N tjpe) 


Betclgcnse 
(M l3pc) 


that IS not, in one way or anothoi, expressed by the spectium 

Taken alone, magnitude an.l i olcmV tell us 
y little , their chief significance is seen when they arc taken in conjunction with ollun stdlai (iiudilKs 
But the spectrum not only interprets the messages of other qu.ililies--it lus messages iieculiaily ils 
own, which so far as we can see, could be delivered through no other medium \^V will s.v so fa, as 
space will allow, what some of those messages are, and how they lufip ns 
Mention has been made in a 
previous chaptei (p 65) of the way 
m which the spectrum shows the 
motion of a star towards or from cirbon ire 
the Earth A star, of couise, may 
be moving m any direction in 
space, but no matter how it is 
moving, we can always suppose the 
motion to be made up of two parts 
—one along the line joining the 
star to the Earth, and the other at 
right angles to that line ( 495) 

Now, the second component of the 
motion is obviously revealed by 

the change of position of the star »/l 

in the sky A long time—fifty c\RBnv"^AT?^ N'npj,, cowaki.j, wnii 

years or so-has often to elapse be- ii,^lphot„«iapb b‘1“" i 

fore this change of position becomes llutmgs., m sUub i,l Type N, .uhI m the caibou aie lliL M Up( 

spectium IS, quite (h&smular 
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Carbon arc 
in air 


74 Schjellernp 
(Class N) 


152 Schjelkrup 
(Class N) 


IX Gcmmorum 
(Class M) 



measurable, but if we wait long enough we can always determine its value meiely by telescopic obsei- 
vation The change of position is called the proper mofwn of the star, and before the discovery of the 
spectroscope it was thought to reveal the only part of the motion of the star that could ever be deter¬ 
mined on the Earth But now we know, from Doppler’s principle, that the component of motion in the 
me of sight-the hne-of-sight or radml velocity-results in the displacement of the spectrum lines of 
the star as compared with their positions when produced in a stationary source Accordingly if ve 
place by the side of the stellar spectrum, the spectrum, produced in the observatory of a libstancc 
which IS present m the star, we can measure the displacement of the stellar lines, and so deduce the 
radial velocity By a slight calculation, it is possible to determine, not only the direction of motion— 
whether it is towards or away from the Earth-but also the actual speed of fte star so far as the radial 
coinponent of its motion is concerned Combining this with the cross-velocity deduced from the proper 
motion, we have then a knowledge of the actual velocity of the star in space ^ ^ 

As a result of measurements of this kind, a remarkable fact has been brought to light the velocities 
o the stars are m much the same order as their spectra That is to say, if we take the average velocities 
of the stars of the various spectral types, we find a steady increase from B towards M Ihis cannot 
possibly be due to chance On the other hand, it is exceedingly difficult to see how the spectrum can 
have any influence on or be influenced by, the velocity of a star It appears, however that the 
explanation is this The more massive a star is, the more slowly, m general it moves Also the 
spectrum of a star depends to some extent on the mass of the star-a conclusion which has beeifreached 


In the carbon arc in air combination takes flutings of the carbon aic and those of N type sta 

air, combination takes place between the carbon and the nitrogen of the air, and the bands m the regi 
4600-4500 are due to the cyanogen thus formed 
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on theoretical grounds 
Consequently, there 
must be an apparent 
relation between spec- 
tral type and velocity, 
for they are both influ¬ 
enced by mass The 
relation, as it happens, 
takes the form stated, 
and its discovery has 
thrown a great deal of 
light on the general 
pioblems of stellar con¬ 
stitution and develop¬ 
ment It may be men¬ 
tioned, although the 

velocities of the stars .11 = Spaco VCootT SA - Kaa.a. XUoutr aB . P.opcrMc;t«;7 

■vary over a rather wide diagram irrustratjnc, m.xocitv componivnis op- ,srv.KS 

range, that the average the »u>t.on -• 

;aluo . of the order of V riLJ .. 

of rafrtadr'w™! k“’' P'""""™-'- >■' <1'* ■l,.U.n.,.„.,l,o,. 

by 1 h?re?aSr!n\r^^^^^^^^ 

and even among stroTSm s“e not.cod „nt,l Adan.e ,.anted out fl,.,, valne, 

shows that there are wide diflerenejof aL^L maShude Partnolv hnes 

importance of this discovery because nrh+ ntY impossible to over-estim.it(‘ the 

large number of stars, but from this rnformata reaTrSZee ac dlstlm^;' SwaY '' 

■was sufficient to determine absolute maymt \ ^ Apparent magnitude <uid distance 

of stellar distances on a scale of which the K 1 + ^ deteimmation 

yet forecast what the influence of this facfwiU be 

..r:;roro?tnrsr~ 

came m fo show ns fas/rparr^.!^'“rr^ r^r; ^0'^^ 
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obbtrvation It is the same with double stars The farther the components of a double star are 
separated from one another, the more easily can they be recognised as distinct by the telescope On 
the other hand, the nearer they are together, the more quickly do they revohe round their common 
centre of gravity, and therefore the greater chance is there that the Doppler eftect arising from their 
orbital motion will be discernible The harder a double star is to detect by the telescope the easier 
It IS to detect by the spectroscope We can easily see how the detection is achieved A star revolving 

in an orbit is, in general, ap¬ 
proaching the Earth during a 
part of its motion and receding 
from it during another part 
Consequently, its spectrum 
lines will undergo an oscillation 
backwards and forwards, owing 
to the changing Doppler effect 
If both components of the 
double star are bright enough 
to show lines in the spectrum, 
we shall therefore have two sets 
of spectrum lines oscillating to 
and fro in a period equal to the 
period of revolution of the 
stars When one set is dis¬ 
placed to its greatest distance 
to the red, the other will be 
displaced to its greatest dis¬ 
tance to the violet, and vice 
versa As the lines cross one 
another m their oscillation, 
there will be a moment when 
they coalesce and only a single 
spectrum will be seen When 
this sequence of phenomena 
occurs in a spectrum, it is 
known that a double star is 
being observed, even although 
the star appears to the most 
powerful telescope as a single 
point of light 

And it is not necessary that 
both the stars shall be bright 
enough to give spectrum lines 
If only one of them does so, we 

n 4 1 'h.SiYe a single spectrum 

1 a mg mes, and that is just as good a criterion of duplicity, generally speaking, as is the double 
spec rum star cannot revolve m an orbit (and consequently give oscillating spectrum lines) unless 
1 as a companion, and though we cannot see the companion, we are perfectly ]ustifie.d in supposing it 
0 exis 1 we establish the fact that the star which can be seen is revolving in a short-period orbit 
ars which are found to be double by the spectroscope are known as spectroscopic binaries Occasion- 
auy, both components of a spectroscopic binary can be seen separate—^ ^ , the star is a visual binary 
as we u t e great majority of such stars appear to the eye at the telescope to be single 


[Oomimon A sirophysteal Observatory^ Victoria, B C 

SPECTROGRAPH OF THE SEVENTY-TWO INCH rREFLECTOR 
DOMINION ASTROPHYSICAE OBSERVATORY, VICTORIA B C 
The telescope to which this spectrograph is attached is the second laxgek reflectmg 
telescope in the world It was erected a few years ago, chiefly for the purpose of 
measuring the radial vdocities of the stars 
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SPCCTR^ OF ( 
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[The Yerkes Observatory 

SPECrRA OF [L ORIONIS 

jx Ononis is a spectroscopic bmairy of winch only one of the component stars is bright enough to give Imes m the spectrum 
The periodic change of position of the Imes with respect to the adjacent comparison spectrum shows the duphcitv of the star 


Such are a few of the ways in which the spectroscope is revealing a new and fuller universe to us 
At this point, however, perhaps we ought to make apologies to one of the other messengers of 
starlight-—to magnitude We have said that, taken alone, magnitude and colour tell us very little 
There is one conspicuous set of circumstances, however, in which magnitude by itself can reveal double 
stars to us If the plane of the orbit of such a star passes through or near the Earth, there is a periodical 
eclipse of one component by the other, and at these times the total light that we get from the star 
is diminished Such a stai as this has, therefore, a periodic variation in magnitude of a particular 
kind, on perceiving which we know that we are dealing with a double star Stars of this type are 
called eclipsing binaries, or eclipsing variables The best-known example is the star Algol, in the 
constellation Perseus This star was detected as a double m this way before the spectroscopic study 
of stars was thought of, and subsequent observations of the Doppler effect have absolutely confirmed 
the conclusion that was arrived at many years before 

But it IS, nevertheless, true that the chief value of magnitude and colour records lies m their 
relations with other characteristics of the stars, particularly spectral type, and we will conclude by 
a brief consideration of those relations, so far as they he within our scope We have pointed out that, 
with regard to all three of the qualities with which we are concerned—magnitude, colour, spectrum— 
there is a perfectly gradual transition from one stage to the next among the stars that have been 
studied It IS now important to consider whether there is any relation between the orders in which 
the stars are arranged with respect to these qualities For, although there is a gradual change of 
magnitude and a gradual change of colour, for example, it does not necessarily follow that particular 
stars occupy the same positions in the magnitude sequence and the colour sequence If we find that 
they do, we shall have obtained a valuable piece of information, which will help us in penetrating 
to the causes which he behind the phenomena that we observe 

It IS not our purpose m this chapter to discuss this question very fully—that will be done in later 
chapters—^but it is necessary to point out at this stage the problem which exists, and the necessity for 
discussing it As an example, let us take the sequences of colour and spectrum We have found 
that sequences exist with respect to both these qualities how are those sequences related to one 
another ^ The answer is straightforward they are very closely, if not exactly, identical In going 
from B to M along the spectral sequence, we are going from bluish-white to red stars The colour- 
index increases from a small negative value for B stars to about 2 for M stars, and the increase proceeds 
without a break along the whole sequence The parallelism is so exact that colour classes of stars 
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ha\c been chosen, 
similar to the spt c- 
tial classes They 
aic denoted by the 
same letteis as the 
spcctial classes, 
written small 
instead of in capi¬ 
tals, thus—b, a, f, 

Iv, m , so that a 
stai of spectial 
tlass F, say, has a 
colom class f, and 
its colom mde\ 
known veiy closely 
when its spectra] 
type IS known 
The meaning of 
this fact IS obvious, 
whatevei deter¬ 
mines the spectial 
tyj)c of <i stai de¬ 
termines also the 
colour We have 
seen that the 
spectium depends 
mainly on temper- 

atuie, hence the colour also depends mainly on temperature Or we might, more directly, argue 
m the opposite way We know from ordinary experience that when a body is made hotter and 
hottci, its colour ch<ing(‘s fiom a dull red through yellow to white, so that we can say immediately 
that the oidei of stellai colours is the order of stellar temperatures Since the spectra are m the 
same ordei, we deri\( a confirmation of onr previous conclusion that the spectra of stars are 
determined m<iinly by temperature This confirmation is by no means superfluous The influence 
of tempeiature on spc^ctra has not been discovered without a great deal of labour and speculation, 
<ind the suppoit of the facts with which wc are dealing is very welcome 

What, now, of the ndation between the common colour and spectrum sequence and the magnitude 
sequence ^ It is not too much to say that the study of this relation has given a new direction to modem 
research The subject is far too big to be dealt with m this article It opens up the discovery of 
the existence of “ giantand “ dwarfstars, and leads to a new view of the method of development 
of the physical universe In the next chapter, Mr Peter Doig will show how all this has come about, 
and to what results it has brought us up to the present time 


THIS NORMAN I,,OCKYICR OBS!ERVATORY 
J Ills Observatory was erected in 1912 by the late Sir Norman I^ockyer, and is now under the direction 
of his faon, Dr W J S lyockyer It is very advantageously situated on the summit of Salcombe 
mil, Sid mouth, Devon, and is at present domg very valuable work in detennmmg absolute 
magnitudes and distances ot stars by the spectioscopic method 
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CHAPTER XIII 

GIANT AND DWARF AND TWIN SUNS 

By Peter Doig, F R A S 

T he astronomers of antiquity considered that the stars were individually of insignificant real 
dimensions To their ideas the fixed stars were merely glittering points of light attached to 
the inside of the hollow vault of heaven, transported across the sky by its daily rotation 
about a stationary Earth The absence of effect produced by any change in the locality of the observer 
on the apparent bnghtness of the stars showed that the dimensions of the Earth must be small 
compared with those of the celestial sphere In the Middle Ages, however, it was thought that a 
visible dibc could be discerned for the more conspicuous ones amounting to as much as one-twentieth 
or so of the ]\Ioon’s diameter in the case of those brighter than the first magnitude Indeed, in the 
days before the telescope, the famous Danish 
astronomer Tycho Biahe, and his contemporaries, 
considered that the great New Star of 1572 
showed a disc of fire about one-ninth the diameter 
of the Full Moon We now know that this was 
merely a spurious appearance due to physio¬ 
logical causes in the human retina The first 
user of a telescope in celestial scrutiny, Galileo, 
clearly apprehended that the apparent size of 
the stars to the naked eye is an optical illusion 
This was shown by their remaining as points 
when \iewed through his telescope, unlike the 
comparatively near planets, which revealed discs 
even w ith the low magnifying powers used 
Nowadays, however, the man in the street'' 
seems to expect that the giant telescopes of a 
modern observatory will reveal a shape and 
sensible dimensions to the fixed stars Judging 
by the expressions of disappointment occasion¬ 
ally heard by the astionomer who has charge of 
one of these instruments on nights of public 
visitation (such as are commonly stipulated in 
the terms of gift by the pubhc-spinted millionaire 
donors of Amencan equipments) something like 
the Sun or Moon is expected when the eye is applied to the eyepiece of a large telescope turned on 
Sinus or Betelgeuse Even with the highest magnifying powers little more than a bnUiant point of 
light is shown, and that little more is just as spurious as the image presented to the naked eye of the 
pre-telescopic astronomer, being a phenomenon caused by the undulatory nature of light As 
described in the first chapter, the detail in a telescopic image is finer the greater the size of the 
object-glass or mirror employed and the diameter of the spurious stellar disc is inversely proportional 
to the aperture 

It may be as well to point out that the images of even the faintest stars on photographs such as 
are pubhshed as the illustrations to this work, are all much bigger than the real apparent dimensions 
would show if they could be recorded In fact, even a small stellar photographic image may be 
considerably larger than the whole Solar System, including Neptune’s orbit, would appear at the 
distance involved Here again the largest instruments give the smallest discs, although the 
length of exposure of the photograph is an important factor, the diameter increasing with 


\ 


A STAR AS IT APPEARS IN A TELESCOPE 
A star image and its diffraction rmgs as seen in a powerful 
telescope These rmgs are due to the interference of the 
crests and hollows of the light waves If symmetrical and 
regular they prove the good adjustment and quality of the 
instrument and the steadmess of the atmosphere 
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the time-somewhat as the circle made by a blot of mh i. u 

liquid After unsuccessful attempts to measure the oarallns ^ paper enlarges uith added 

their apparent dimensions must be extremely small ^even if ° l^ecame evident that 

the Sun As the parallactic displacemeT or aorn^nT t, “ than 

of the Earth m its path round the Sun, obviously covers Sf “ the motion 

be occupied by a star as large as the Earth’s oibit h e about SI t^ 

stellar parallax turned out to be so small as to be beln„. times the Sun s diametei) and as 

after the invention of the telescope it was nlam tn ^ measurement for a long time 

however bright, must be very minute ronomers that the real disc of any star, 

Speculative thought, in the person of the Rev Tohn Mi.n.ii 
Hcrschel, was able to prove that even m the case of o v a contemporary of Sir William 

must be less than about one-hundredth part of a second apparent angular diameter 

32= away, „„Ic. ..s 3„facc 1 “ 'ofTh 1 “ 

of surface) were according to colour the white n intrinsic brightness 

o. oraage. atara bomg .clatol iTmcr SI, ''“1! *»« y'“™. 

white and the other led the latter would thpref ” 1 ^’ quantity of light, one 

to show a »„sibte disc ^i^TproblX” I’T" ■"“* '“"'y 

The largest teleseopcs cl.ar6,S w.tl. the IcatS no tS ™ ^ 

any definite disc to the brightest or reddest star nthe tn powers, having failed to show 

found for the solution of some of tL n.nhl ? eventually 

of the stars ^ ^'’^dy of the dimensions and evolution 

poslle to 2kr™n“ Cut to T'" 

this classitieation was pu.er»P.ne^^ “<1 Ithongh at first 

irthTyelTshra'?'(“' *I»u<lent on chemLuonstttabon'S'teLpe^to 

r ei£"^^ 

ods of the y [TJie Lick Observatory 

objectivc-piism, , _ inAONiFirvD photographic siar ijiages 

and the vast crouns iniagcs ol stars on the negatives of astronomical photographs appear as 

tnc vast of blackened grains, which are bigger than the actual discs that the stars themselves would show 
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SPECTRUM. 

F 


30.000 X. 


20,000'’C. 


10,000‘’C. 



30,000^C. 


20,000“ C. 


10,000'’C. 


OB A F G K 

THE REEATION between STAR COEOURS, TPIEIR SPECTRA, AND THE 
TEMPERATUl^ES OF THEIR ATMOSPHERES, 
stellar spectra and their lines astronomers are able to estimate the temperature 

+ positions occupied by ten prominent stars (including the Sun) in regard to colour and 
temperatuie are shown. 1 emperatures in the interiors of the stars are believed to be millions of 

degrees Centigrade! 


majority (over ninety-nine per cent.) fall into a sequence which shades off by such uniform gradation 
as to leave no reasonable doubt that one simple physical cause is mainly responsible for the differences. 
If more than one cause were operative, then a gradual sequence would be very unlikely. There are 
other reasons for believing that only one factor is concerned, and that not difference of chemical 
composition. The dark lines of the spectra show that certain elements are characteristic of particular 
classes ; those of helium, for instance, are predominant in the whitest or bluish-white stars. On 
the other hand, lines of this element are not seen in solar type spectra, yet they are conspicuous in 
the spectrum of the Sun's chromosphere. If we could not study the Sun in detail, we might have 
wrongly concluded that the appearance of helium lines in the spectra of white stars was due to 
peculiarity of chemical composition. Then again, there are stars belonging to a cluster or connected 
pair of stars, evidently of common origin, which have great differences in spectra amongst themselves, 
and It is very unlikely that most of the helium or hydrogen can have collected in certain stars, while 
t eir neighbours contain practically all the metals. Astronomers are now generally convinced that 
the principal cause of the varieties of spectra is difference of temperature in the stellar atmospheres. 

That this is so has been demonstrated by the detailed study of the spectral lines and also of the 
continuous coloured background of spectra in laboratory research work. It is known that the 
temperature of an oxyhydrogen flame or of the electric furnace is lower than that of an electric arc, 
which is again less than that of a spark produced by the powerful apparatus of a modern laboratory. 

ow, the lines which are strongest in the spectra of the orange or red stars are those produced by 
metals subjected to the oxyhydrogen flame or electric furnace; the lines prominent in the yellow stars 
are those observed when the electric arc is employed, while the comparatively few metallic lines which 
are found in the spectra of the white or bluish-white stars are those seen in the spark spectra of the 
aboratory. It is therefore reasonable to suppose that this order—red, orange, yellow, and white—is 
one of increasing temperature. From the intensity of the continuous background of the spectra, the 
same conclusions can be drawn. It is found in laboratory experiments that, at any given temperature, 
the radiation is greatest at a definite part of the spectrum, and that on either side of this the radiation 


temperature 
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al s off according to a definite law The position of this part moves from the red end to the blue end 

of the spectrum as temperature increases By these considerations the following approximate 

atmospheres bluish-white stais (B of Onon type), 

I sZc ’.I f ? cT stars (F or Procyon t^e 

7,500 C yellowish stars (G or Solar type), 6,000T , yellow stars (K or Arcturian type), 4,50^C 

orange stars (M or Antarran type), 3,000"C There are sereral other classes of stars of very infrequent 
ocenrrence The most notable are the O or Wolf-Rajet type, whreh are behoved to be of abno.Lhy 

great mass, luminosity, and temperature ^ 

recently, the above sequence was believed by the majority of astronomers to represent the 
order of evolution of the stars as well as of temperature Bluish-white or white stars such as Rigel 
Mich ® youngest stars, born from the diffuse gaseous nebute, yellow stfrs 

wMe theT / 7 contracted under gravitation and at an interme^ate stage. 

The fact tha?fh were believed to bo effete suns hastening towards final extinction 

^ ^ white stars are observed associated with the nebulae and that the red stars are 

seldom or never so placed, was also taken to bo confirmation of this order When it was found from 



THE grouping of stars INTO GIANTS AND DWARFS (aFt«r CURTI5 J 

“agmtudes at f/pLc^'^at a’dStaSie brightnesses The stars are all plotted down 

and a half years (paraUa-^ one tenth of a second of arc^ so that their tme rei journey of thirty-two 

. - d.«rl „d .p«,o,„ph.c o, 
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Af >. rfh + the EIFE history of a star (AFTER EOCKYER) 

atmosphere, and shmmg wxth an orange red 
colour towards yeUow-white and^uish-whit^ When a *? increase of temperature and change of 

accompanied by a fall m temperature and proeress m mlnnr^^ temperature has been readied further contraction is 

at birth and death (as a lummous body) is something lihe onehundTd!'^"d1r^°“,SX?llt?m^m onel^' 


'''‘““n" «■' speed .ncreased 

not at all clear whv vJn t given an apparent support, although it was 

not at all clear why veloaty should get greater as the stars grew older 

subiect doubted the almost universally accepted ideas on the 

in Jemperatr? the'^Lbf T'' ^ investigators to be of two types, one increasmg 

io sTnuoS Hv ° t . Aix-la-ChapeUe, had held this view and it was 

yellow sta^rof G or Tnl t l^ockyex. who looked upon the 

wmTa ^d R ?J T considered that the white and bluish- 

white A and B tj^es were stars in their prime and not the youngest orbs 

bv Lockver niuch acceptance at the time, largely because they were advocated 

it Bv this hvno^e ^ eoritic hypothesis of cosmogony, which had otherwise httle to recommend 
isumnt oi fW ^ explanation of practically every celestial phenomenon was sought on the 

It begS^ to be r^TafthT"'i beginnmg of the present century, however, 

gan to be clear that the true evolutionary order of the stars was probably not that generally 
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accepted, and during the past ten years the disentangling ot the two senes ,if stars ot nicieasing 
temperature has proceeded apace with the result that the older view lias become 

This conception has been well described as probably the most revolutionaiy and lai-reaclung 

firstTf surprising featun of the dlsco^ery lias been that the 

first satisfactory demonstration of the true physical grouping oi the stars has been due not to the 
newer methods of spectroscopy and astrophysics, but to what is usually teimed the oldei astiononiy 
The lines on which the problem was successfully attacked were chiefly those of parall.ixes the 
motions of the stars in the sky, the circulating movements of double stais. and the study of 
variations of light of mutually eclipsing stars The students of spectroscopy had dcwelopi^l a 
mijaken hypothesis of evolution, and it was from the older methods of measuiemtnt of positions 
and photometry of variable stars that the solution first came ^ 

In 1906, Professor Hertzsprung, then of Potsdam, pointed out that his studies of the real total 
brightnesses of the stars, based on measurements of motions and parallaxes, showed that thc> i odder 

fmnT As theTnect brightness and the other ,datively 

faint As the spectra were substantially the same in the two groups, his contlusion was that the 

S dutto diff f T"" chJference in total luminosity must 

be due to difference in area of radiating surface, one group being of stars of very large dimcLions, 



ms curious S Shaped luarhmg is of a ' 

such dark maikmgs to consist of cosmic clouds, probabl/ of dUtIndTas'^'icscarch has shown 
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while the other is composed of 
^ considerably smaller bodies. To these 
two groups he gave the names of 
giants and “ dwarfs.'' Later, 
Professor H. Norris Russell, of Prince¬ 
ton University, America, independ¬ 
ently worked out the same hypothesis, 
bringing to bear the results of much 
detailed investigations into stellar 
distances and motions. 

This extraordinary splitting up of 
the redder spectral types into two 
distinct divisions, was seen to involve 
a ratio between the light radiated 
from a typical red giant to that 

__ emitted by a dwarf of the same 

A^ spectral type, of something like 10,000 

Besides luminous nebulae, astronomers are now familiar with a class of . already indicated, this 

objectsrevealedby obscurations of the starry background. First systematic- disparity could Only be attributed to 

ally studied by the late to be chiefly situated dimensions, which would mean that 

, j ... , diameter of the giant would be 

pproximately a hundred times that of the dwarf, or a ratio of volumes of a million to one. There were 
two extreme assumptions possible : either that the densities of the giants and dwarfs are the same-the 
masses of the former being then a miUion times those of the latter ; or that the masses are equal and the 
aZfjJ that of the dwarfs. From knowledge of the masses of stars 

milrV, ? the orbits of double stars, there was no doubt that the latter alternative is 

much closer to the truth. The range of the known masses of the stars is comparatively small. With 
few exxeptions, they are between one-half and five times that of the Sun. At present, the only 
method of finding the value of stellar masses is by the application of the law of gravity to binary 

tars, but there IS no reason to think that single stars are different in regard to the amount of matter 
contained m them. 

The older theory of evolution from the hot white stars through yeUow to red had no place in it 
or the existence of the two groups of the same spectral type, one of extreme tenuity, often less 
dense than air, and the other denser than the Sun, which is on the average of the order of athousand 

If stars were approaching extinction the 

difference m density of the two groups was incomprehensible. Further information 
was accumulated by study of eclipsing binary stars, for which the dimensions could be found from the 
shape of the curve of light variation. This information showed that many of the hotterwhite stars, 
which were suposed to be younger and less condensed by gravitational shrinkage than the yellower 
and presumably older stars, were really much the denser bodies. 

Now it had been demonstrated theoreticaUy by Homer Lane, as far back as 1870, that a mass of 
gp cptrpting by gravitation wiU actuaUy rise in temperature, i.e., will develop heat faster 
than It radiates it away. If a gaseous star shrinks to half its size, we find that the density becomes 
eight times as great, while the pressure comes out at sixteen times since the attraction is four times 
p pong pd the weights are home by a quarter of the area. In such a case the temperature would 
he twice what it was before. A gaseous star is, so to speak, a “ self-heating ” body, and big stars with 
ig masses are better in this respect than smaller ones, and will reach higher temperatures. A gaseous 
® on pntracting and becoming hotter, its light changing from red to yellow and then to 

piite. Phis wiU not proceed indefinitely, however; when the condensation has gone far enough 
the matenal will be too dense to act as a perfect gas and the rise of temperature becomes less rapid. 
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IS chc-cked, and finaUy a stage of declining temperature sets in It has been calculated that the 
greatest temperature will be reached when the density is about two- to four-tenths that of water 

In accordance with these considerations. Professor Russell revived the development hypothesis 
of Lockyer, although with important modifications The “giant” group, he showed, rlj^resents 
the Slice essive changes m the heating up of the young gaseous stars which are more pnmitive the 
redder they aie, the dwarf stars are those which have passed their climax of temperature and are 
now cooling the redder ones being the most advanced Taking any level of temperature, with the 

exception of its maximum, a star will therefore pass through it twice—once “ heating ” and once 
cooling ® 

When the distance of a star and its apparent brightness are known, it becomes possible to 
ckssily It in regard to its real total luminosity—its “candle-power,” so to speak The term 
“ absolute magnitude ” is used by astronomers m this connection, and refers to the stellar magnitude 
which tlie star would appear to have if placed at a distance corresponding to a parallax of one-tenth 
of a St cond of arc Elsewhere, the gradation of the stars into classes of steUar magnitude is described 
and at present it is not necessary to refer further to it When the absolute magnitudes of the stars 
are gioupcd or shown graphically on a chart relating the values to the spectral type, it is found that 
the giants are generaUy of the same order of brightness, while the dwarfs decrease rapidly in 
luminosity as they get redder This is shown on the chart on page 603, on which our Sun is a 
dwarf star of G type, and about the fifth magnitude That is to say, if the Sun were removed to 
such a distance as would involve a parallax of one-tenth of a second of arc and a journey for its hght 
of about thiity-three years’ duration, it would shine as a star of the fifth magnitude, not much 
brighter than the limit 
ot naked-cyc vision 

Tlu sameness of 
luminosity of giant 
stars, winch emit 
loughlv one hundred 
times as much hght as 
the Sun, IS explained 
by th<‘ iaet that al¬ 
though a star m this 
stage ot evolution 
grows hottei and gives 
an increased output of 
light per unit of surface 
it also deci eases in 
surface, and the two 
factors nearly counter¬ 
act one anothci On 
the otlKThand, a dwarf 
star IS both decreasing 
m intensity of surface 
brightness and m sur¬ 
face, so that a decline 
of total light output 
occurs as it becomes 
redder and more ad¬ 
vanced 


tJy permission of] [fhe Director of the N L Observatory 

THE “FRANK McCEEAN ” TEEESCOPE OF THE NORMAN EOCKYER 

OBSERVATORY 

rhifci telescope is a “ twin,” with its components arranged in a manner suggestive of a double- 
barrelled gun The uppei telescope is a photographic one and is used for photographmg the 
spcctia of stars for the determination of “ spectroscopic ” parallaxes The spectra are formed 
b\ an objective prism (see Chapter I) mounted in a frame before the object glass The lower 
telescope is a visual one and is used chief!j for “ guiding ” purposes 
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APPARATUS FOR CLASSIFYING STARS— ’ 
microscope is used at the Norman Lockyer Observatory 
Sidmouth, for the emniiiiation of spectra By a recent discovery 
conne^i^ the intensity of some spectral lines with the total output 
of light of a star it is possible to ascertain its luminosity- 


It IS a remarkable circumstance, and 
indicative of the complete revolution in the 
ideas of stellar evolution, that as far as the 
bulk of stars visible to the naked eye is 
concerned, the formerly accepted order of 
development is exactly the reverse of true 
This follows from the fact that most of the 
stars brighter than the sixth magnitude 
(the limit of unassisted vision) are giants, 
and evolving in the order red through 
yellow to white and not from the hotter 
white stars redward as in the case of dwarf 
stars It would be a mistake to suppose, 
however, that the majority of stars through- 
out space are giants The reverse is the 
case, but the superior brightness of the 
giants results m their selective preponder¬ 
ance, a greater volume of space being 
presented to the naked eye in the case of 
the giants than in the case of the dwarfs 
To summarise the theory now accepted 
a star begins its history as a very diffuse 
red giant of great volume, with a tempera- 

It contracts by gravitation and grows denser and hotter The luminosity remains fairly constant at 
this stage the shrinking surface counterbalancing the increase in surface brightness According to 
Its mass It reaches a certain maximum atmosphenc temperature and corresponding spectral type 

Snmcf ^ probably about 7,500X and type F, and for a star hke 

us, which is known to be about two and a half times the Sun’s mass, 10 GOO^C and type A A 
greater mass is necessary 
to reach the B type, and 
as large masses are not 
common, the B type stars 
are relatively scarce After 
the maximum tempera¬ 
ture IS reached, which 
probably normally occurs 
at a density of about two- 
to four-tenths that of 
water, a star enters the 
dwarf coohng stage, when 
luminosity gradually de¬ 
creases Masses less tligri 
about one-seventh of the 
Sun would not be able to 
reach 3,000°C , and could 
scarcely be luminous It 
IS a significant circum¬ 
stance that no star of such 
small mass is known 



From] 


[M N,R A 


—^AS GIANTS AND DWARFS 
and whether it is a Giant or a Dwarf The disappearance of the lines when coveied by 
a scale of graduated transparency gives a measure of the mtensity of the former, and thus 
the lummosity of the star investigated 
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At first, objections were raised to the giant and dwaii theoiy on two grounds which have been 
already mentioned as supporting the older hypothesis In the case of increase of velocity with 
greater redness, further investigation has proved that the relationship is really much more one 
between speed and luminosity or mass than between speed and colour or spectral type It seems 
reasonable to e\pect that in a universe of stars of various masses the effect of their mutual atti actions 
and disturbances would be greater velocities in the smaller masses Recent studies have shown that 
the a\erage kinetic energy (or mass multiplied by square ot velocity) is about constant m the dwarf 
c asses or the various spectral types, and furtlier research may show the same characteristic for {riant 
stars This means that 


the redder t 3 'pe dwaits, 
which aie the lighter 
bodies, mole more 
rapidl} on the aieiage 
than the whitei dwarfs 
The othei giound foi 
objection was tound in 
the ciicumstance that 
young led giants arc 
seldom it eicr observed 
near the gaseous nebulse, 
while the hot white stars 
are commonl}'associated 
with these objects Re¬ 
cent w'oik lias shown, 
howci ei, that the lumin- 
ositi ot the gaseous 
nebula is piobabh due 
to reflection oi i \citation 
from the liglit oi the 
included B type stais, 
and that such nebuLe 
are inoie likely to be the 
ejected pioducts of the 
stais than the niateiial 
from which they aie 
born Itscenispiobable 



that the “ stai stuff " 
from w'hicli the eaily 
diffuse giants aie pio- 
duced, IS to be tound in 
the dark cosmic clouds 


Mountwasoifobs^v^^^^ pniiuplc of liglit mlcifauicc, Ihc asUcmoiuus ,.L the 

uiu be Cilcih ua S I i bcuiK ippiosmiatcly known, then tun (h.muteis 

^ il'out the lUativc si/es toi live cumts tin Snn'e 

le same sc lie benm iliout one one humlie.l and twentieth pait ot an inch- sin illii 
llidU lliL dot o\ Cl Ihib lellci i ' 


inTimw tds^S the gas^which loveal then juesenco by obscuration of tlit* stai.y bat kgiound 

.7. Z « *° •>“ 'V1..CI. L stage .s Z=r As “ 

be eery few rf them m a ™ T ‘“T” ->■“ 

accounted foi raiity would then be 
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The relative sizes of the typical giant star of the various spectral types is shown above. The progressive 
contraction, which occurs as a star gets older, denser and hotter in the giant stage, is probably 
represented fairly well by the diagram, but may actually be somewhat gi-eater. 


the absolute mag¬ 
nitudes of large 
numbers of stars. 
A powerful means 
of finding distances 
is thus provided, 
as, knowing the 
apparent bright¬ 
ness and the real 
total output of 
light (absolute 
magnitude), paral¬ 
laxes can be simply 
calculated. The 
observed differ¬ 
ences in the inten¬ 
sities of certain 
lines in stars of the 
same spectral iy^e, 


but different luminosities, seem to be due to the smaller force of gravity and consequent lower 
atmospheric density at the surface of the diffuse giants, which at stellar temperatures results in 
atomic changes called ionization. Certain elements are very sensitive to these changes and the giants 
and dwarfs show considerable differences in the spectral lines concerned. 

By measurement of the intensities of these lines in the spectra of stars of known parallax and 
absolute magnitude, a scale is provided for use with stars for which such information is required. 
This method is chiefly due to Professor Adams, of the Mount Wilson Observatory, California. It 
is now being exploited in several observatories throughout the world. At first it was only applied to 
the yellow and red stars, but it is now being employed with some success to the white stars (B and 
A type), in which the lines are more diffuse and difficult to measure. 

In the first chapter the interferometer as used at Mount Wilson with the 100-inch telescope 

hasbeen described. 



The relative diameters of the dwarf stars of most frequent occurrence, is shown in comparison with 
the Sun, which is itself a G-tyTpe dwarf. The contraction in this stage is accompanied by cooling 
and is probably somewhat less than is indicated by the progression of diameter in the diagram. The 

letters refer to the spectral types. 


By its aid the 
diameters of 
several “ super¬ 
giant stars have 
been ascertained. 
These are: An- 
tares (about 360 
million miles), 
Betelgeuse (not 
less than 200 mil- 
lion miles), 
Pegasi (at least 75 
million miles), 
Aldebaran (about 
40 million miles), 
and Arcturus 
(about 30 million 
miles). The first 
three are of M type 
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I<ORD KJStVIN 

The profound mathematical and phybical studies 
of this celebrated scientist led to ideas of the age 
of the Sun and stars which have now been replaced 
by more modern discoveries 


and the two others are K stais All aie piobably more 
massive than the Sun, peihaps fifty times as great, but 
their densities are certainly veiy slight, comparable with 
or more tenuous than air A gi apliic illustration intended 
as an attempt to convey to the mind the enormous 
proportions of Betelgeusc, will be found on page 23 
The diameters of the typical star of the \arious 
spectral classes have been calculated to be appio\imately 
as follows, using the Sun as the unit Giants , M, 65 , 
K, 30 , G, 15 , F, 10 , A, 7 , B, 5 and dwarfs , A, 2 5 , 
F, 1 8 , G, 1 2 , K, 0 8 , M, 0 5 It will be seen that 
the Sun (G type) is rather smaller in diametei than the 
normal dwarf of its class Its mass is normal, however, 
and the density therefoie gi cater than usual 

At first sight it might appear impossible to find out 
anything about the conditions in the interior of a star 
Direct study is confined to spectroscopic scrutiny of 
surface conditions from which we derive some knowledge 
of the temperatures and compositions of stellar 
atmospheres It is here that the physicist joins forces 
with the astronomer, and by the labours ot a brilliant 
gioup of mathematical physicists such as Eddington, 
Jeans and Aston m England, and Russell and others 
abroad, something has been done to penetrate into th(‘ 
inside of the stars In what follows, the conclusions of 
Eddington will be those mainly described 


Elasticity in a gas is familiar 
to all who have had to deal 
with a pneumatic tyre This 
property is the result of the 
energy of motion of the mole¬ 
cules of gas hastening m all 
directions and trying to spread 
apart The higher the tempera¬ 
ture the faster these motions 
are, and the greatei the expan¬ 
sive force Inside a gaseous 
star there is a condition of 
balance, the weight of the 
layers above pressing down and 
the elasticity of the gas from 
its molecular motions tiymg to 
move the upper layers out¬ 
wards As there is equilibrium 
which apparently lasts for hun¬ 
dreds of years, judging by the 
constancy of the light of most 
of the stars, we must conclude 
that there is exact internal 
balance, and from this fact we 



ATOM ATOM 


TUB CONSTITUTION OF AN ATOM 
Astronoracis’ problems are concerned with the infinitely small as well as with the 
infinitely great The study of stellar interiors involves the theoiies of the «itonne 
structure of matter The illustration shows a molcaile of an element (cliloime) 
composed at normal temperatmes and pressures of two atoms Ihe eiosses aie 
the atomic nuclei, the dots are the electrons At temperatures of over 2,000°C 
the two connectmg central electrons separate and we have then a monatomic 
condition At higher temperatures first the outer ring «ind then the inner ring of 
electrons are stripped off, the final state m the intciior of a star being free nuclei 
and electrons moving about at great speeds 
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must reason in estimating the internal temperatures At the centre of a star this varies in the 
different types from about two million to twenty milhon degrees This means that the atoms are 
rushing about at very high speeds, up to one hundred miles per second, which, however, is a compara¬ 
tively small rate for atomic speeds Each atom is being contmuaUy pulled inwards by gravitation, 
and IS all the time throvm out again as the result of collisions with other atoms The store of heat 



In each SXEEEAR SYSTEMS AS SEEN IN POWEREUE ASTRONOMICAE TEEESCOPES 

y»tem the connoted aad revolving in mutually disturbed orbits round their common centres 

g avity m long periods of years The scales of the drawings are not the same 


^ssessed by the star is composed largely of these motions, but there is another store—the athenal 
ea IS is made up of waves m the aether similar to, but smaller than, those of light lEther 
waves ^e given different names accordmg to their length from crest to crest The long ones used 
m wireless telegraphy are called Hertzian waves, then come the mvisible heat waves then the 
waves w ic give the sensation of light, then photographic hght waves A stiff shorter type are the 
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X-rays used m medical work The aether waves inside a star are similar to the X-rays It is only at 
the enormous temperatures of the stars that this portion of the store of heat possessed by a heated 
body becomes appreciable In bodies raised to the highest temperatures possible m our terrestrial 
kboratories, the aetherial part is insignificant, but it becomes very important in the case of the stars 
This IS due to the fact that waves in the aether e\ert a pressure on any obstructing object Inside 

a star the intense aetherial energy acts like a distending wind, counteracting gravity and tending to 
disrupt the star e t, 

In modern physical science, knowledge has now advanced to the stage that a mathematical 
physicist can. without astronomical information, calculate the relative pioportioii of heat in the 
stars due to atomic motions and letherial waves He can also calculate the ratios of inward gravi¬ 



tational pressure to outward pressure of letherial waves When this is done it is found that the 
fraction of weight of steUar material supported by the aitherial piessure becomes greater with 
increase in mass of the star considered At a certain order of mass there would be a tendency to 
disruption from this cause, assisted by the effect of the centrifugal force of the star’s rotation The 
cntical mass found by these physical calculations is that which is observed to be commonest among 
the stars, the conclusions of the physicist are closely in accord with what is found by the astronomer 
Gravitation is the force which draws matter together If there were no counteracting forces there 
wou d be no liinit to the size of a star, e\cept available amount of material Against gravitation 
we have <etherial pressure and centrifugal force, and throughout the universe, as far as we have been 
able to ascertain stellar masses, the gravitational aggregation seems to have proceeded just as far. 
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on the whole, as the opposing forces would permit So far the inside of a star has been visualised as 
a concourse of moving atoms and aetherial waves There is another class of inhabitant, however— 
free electrons ^which have broken loose from the atoms at the high temperatures, and are moving 
at much higher speeds than the atoms themselves 

An atom of an element is like a miniature solar system , a composite central nucleus carrying positive 
charges of electricity round which revolve in circular and elliptic orbits a number of satellite electrons 
of negative electricity The number of satelhtes vanes for each element from one to ninety-two, 



and very many of 
these satellites 
must have be¬ 
come detached in 
the interior of a 
star Generally, 
at least half have 
broken loose so 
that the average 
molecular weight 
of the material is 
very much less 
than it would 
otherwise be, and 
also much more 
uniform Given a 
volume of gas of 
known mass and 
with its material 
thus simplified 
the modern 
physicist, again 
without the 
assistance of 
astronomy, can 
calculate how 
brightly it would 
shine as a star 
Indeed, the prob¬ 
lem IS very largely 


THE APPAI^NT ORBIT OF THE COMPANION OF SIRIUS 
From iiregu^tws m the motion of Sinus across the sky, the existence of a companion whose 
gravi^tional ^turbance was believed to be the cause, was predicted m 1844 The companion 
was discovered m 1862, since when it has performed more than a complete revolution round the 
primary, me^nod bemg about fifty years Its qmcker motion when near the primary will be seen 
irom the fact that more than half the orbit was traversed in the twenty three years from 1890 
to 1913 It IS now movmg at about its slowest orbital speed 


one of accounting 
for the slowness 
at which the enor¬ 
mous energy pro¬ 
duced IS radiated 


This slow rate is 

found to be due to the great opacity of the star's substance to the very short aethenal waves 
Although the ranty of a giant star is so very great, a small thickness of its material is sufficient to 
obstruct a large proportion of the energy The Earth's atmosphere is itself more opaque to ordinary 
hght waves than is commonly realised, about one-fifth of the light from celestial objects is scattered or 
sent back to space, but to the X-ray type of radiation the gaseous interior of a star is so obstructive 
that, with the same density as air, a layer only six inches thick would be almost an impassable barrier 
The consequence is that the loss of energy by radiation from a star is very slow in relation to the 
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amount contained The luminosities calculated for the stars by the mathematical physicist, entirely 

from data provided by laboratory research, are found to agree well witli those' obtained bv the 
methods of the astronomer ^ 

The study of the internal conditions and radiation of a star introduces mevitably tlie question 
What IS the source of the light and heat which is so copiously emitted by the Sun and slais ^ Until 
lately the answer generally given was that it is obtained from the inward fall of the material due to 
contraction under gravitation Lord Kelvin showed that this hypothesis, oiigmally piopounded Isy 
the German physicist Helmholtz, led to an age for the Sun of something like twenty million years 
The results of the work of geologists in regard to the ageof the Earth, based on studyof the i o- ktormations 
and on other considerations, are much opposed to this timc-scak', which is now consideied too short 
Eddington has calculated that a star, not much larger than the Sun probably was m its giant stage^ 
would radiate away as much energy m a hundred thousand yeais as would at pu'sent sullice to 
maintain our luminary for ten million years On the contraction hypothesis, tlic evolution thiouuh 
the whole of the ^ 

giant stage would 
be very rapid In 
about eighteen 
thousand years a 
typical M giant 
would pass to type 
G, and in eighty 
thousand years it 
would have 
reached its highest 
temperature and 
be about to start 
on its downward 
path As pre¬ 
viously mentioned, 
most of the naked- 
eye stars are in the 
giant stage We 
cannot believe 

that all these stars -The true) orbiis of vSiRims wo nus compwion 

were formed in the diagram shows Uie Imc shape of the paths, which aie eompltkd in about Jiflyvcats Ihc 

smallest ellipse IS that ol Sums Itself 'Jhe .lottul ellipses the tuic shape of th( uUtm pith,,l 
past eighty thou- Sinus be assumed statioiiuy 'I he lelalivc si/csol the stell.ir oiluts and the I?.iiUi’s mbit will be 
sand years gcillicred from the sm ill Glide showing the latlci Ihc cioss m ii Iht ccntiL of giavily ol tin syst cm 



Prom more than one department of knowledge the duration suggested for a stai’s life is much 
greater than previously thought For example, the Americ.in mathematicidii, P' R Moulton, h.is 
made an attack on the problem from considerations of the constitution of tlic globular clusters of s’tai s 
Pheir symmetrical distribution implies a long dynamic c'vohition which has lesulted from the mutu.il 
gravitational action of the stars in their approaches to each other The period leiiuiicd for a single 
circuit of a star through the cluster is estimated at something like a million yc'ais Moulton finds 
that, on the average, a star would make several thousand revolutions befoie it would pass near 
enoug to some other star to change its direction of motion sufficiently to influence the symmetry of 
e c uster of which it is a member He consequently inters an age for th(^ stais of several thousand 
million years This order of magnitude is also suggested from the age derived for the liaith by the 
geologists and physicists, and it has become plain that there must be some otliei somcc of stc'llar 
energy besides gravitation This source is behoved to be the energy of the atoms of matter tlicmselves 
ere seem to be two alternatives one that the simpler chemical elements arc being changed into 
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those of more complex atomic structure, energy being set free in the process, the other that matter 
IS being destroyed as such and transformed into the energy of which it is thought all the elements 
are constituted Physicists have discovered that in transmuting helium into hydrogen, a small 
fraction of the mass disappears and takes the form of setherial waves of energy Such a transformation 
in a star of which only five per cent was hydrogen, would provide sufficient radiative energy, as a first 
step in the formation of the more complex atoms This liberation of energy would not occur at the 
outset when the interior temperatures were not high enough Stars in the very earliest state of 

evolution, prior even to M type, 
would thus be radiating solely 
as a result of gravitational 
contraction and would run 
through their course with great 
rapidity On this hypothesis 
their apparent absence from the 
sky IS understandable 

Some stars of abnormally 
large luminosity or of mass 
twenty to eighty times the Sun 
are known These are ex¬ 
plained by Eddington as pos¬ 
sibly having been formed in 
regions of space in which the 
element hydrogen is present in 
greater abundance than usual 
Admixture of this, the lightest, 
element reduces the average 
atomic weight Outward radia¬ 
tion pressure is then less than 
with higher average atomic 
weight and gravitation gets a 
better chance to aggregate 
large masses 

We have hitherto been 
dealing with the individual 
single star The sky contains, 
however, very many connected 
systems of double and multiple 
stars, and indeed, some author- 
^ consider that the single 

ORBITS OF DOUBLE STARS . K 4.-^ ^ 

The apparent orbits of foui connected pairs of stars are shown The periods of may be the exception 

revolution are well known for the shortest, but become increasmgly uncertain for the rather than the rule The first 
longei ones, as only a part of the circuit has been observed since the date when cfoT-c a ^ ax . 

telescopic power became great enough to show them as double stars double stars were discovered by 

accident by the users of the 

telescope They were thought to be simply two stars seen nearly in the same line of sight, not 
physically connected, and probably very distant from each other—especially when there was 
considerable difference in their brightnesses Their observation was at first made in the hope 
that the measurement of the apparent angular distances apart might lead to a determination 
of stellar parallax, the supposedly nearer one having a greater apparent displacement, due to the 
Earth's orbital motion, than the other component Sir William Herschel catalogued a great number, 
at first with the idea of determining parallax m this way In the year 1767 the Rev John Michell 
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MEl'IIOD OF MEASURING A DOUREE Sr\R 

Of spider lines, or “ wiics,” at iiRht ansles to one anothoi 
are seen in the field of view of a micromctei One pan consists ol 
^ ^ above), which can each be adjustul 
to pass throupfh one of the components of the double star The 
amount of their sepaiation is then read on the divided dium used 
to move them The lemammg pan, a b, is adjusted to the direction 
of the line joining the stais, as shown above Ihc reading of a 
divided circle outside the eyepiece then gives a mcasui e of the angle 
made with the meudian by this line In this case the “ jiosition 
angle ” is 90° (or 270°) 


showed by the theory of probabilities that 
these pairs were extremely likely to turn 
out to be connected physically and latd 
Herschel proved that this was so from 
observations sepaiated by a sufUcant 
interval of time Thus, a considerable time 
after they were known m comparatively 
large numbers, tluir tine nature b(Tam(‘ 
appaient, and they were studied in n‘gaid 
to their motions about each other, then 
observation for parallax b(‘mg abandoru'd 
llic cffoits of m()d(‘in observers ha\e 
provided the mfoimation that at least oik^ 
star in eighteen a])peais m tlH‘ most powi^i- 
fill telescopes as a closi^ doiilik , and tluTc 
is no doubt ihal llu' griMt mtijonty of them 
are connected and m miitucd uwolution 
nndei their gravitational attiaction \n 
inciease is obscivx^d m the mimbeis with 
gieatei degree of (lostdK'ss ol compoiK'iits, 
which IS so m<irk<‘d as to ](tul us to b(‘h(‘\e 
that those systcdus with snuillia ()Tbit<il 
dimensions are icMlly the moie nnmeTOus 
Actibil orbits have b(‘en (()m])nt<‘d lor about 
laO binary ]xurs from ti'hscopK nu\isuu‘~ 
menls ol their changing ukitive positions 
When the paiticnkus of <in oibit and th(> 


nmr in fnrmc a.r. q > i , parauax aie Known, tlu^ total m<iss of the 

pair m terms of the Sun s can be easily calculated This vanes with sp<>ctral type In systems 

omposed of giant stars the values arc mostly comprised betwisn seven and twehi’ times thi Siin 
and m dwarf pairs from n ■i'-' uu oun. 


about five to si\ in the white 
stars down to 0 7 or 1 0 m 
the redder classes The 
greater average values for the 
whiter pairs seem attribut¬ 
able to the greater mass 
necessary to reach the higher 
luminosities of the whitci 
and hotter types 

By the relative displace¬ 
ments in their orbits, it has 
been found that, generally 
speaking, the fainter com¬ 
ponents are the less massive 
It has also been discoveied 
from differences of spectral 


type and colour of the 
separate components of con¬ 
nected pairs, that the fainter 
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(and less massive) star seems to be almost invariably the ^ 
farther advanced in its career In the case of pairs 
which are giants, the brighter one is the redder and 


therefore younger, star, in dwarf systems the fainter 
is the redder and therefore more advanced As their 
birth IS presumably contemporaneous, this points to 
more rapid aging in smaller masses 

Several hundred stars are known to consist of two 
or more components revolving so closely together as to 
be inseparable by ordinary telescopic means, but 
revealed by the periodic displacements or duplications 
of the lines in their spectra Generally, the periods of 
revolution are much shorter than in the case of those 
binaries visible as such in the telescope The range 
covering both classes together goes from less than a 
day up to hundreds of years, but there is a gap between 
the longest periods of the " spectroscopic binaries '' and 
the shortest of the " visual binaries '' This is attributable 
to the circumstance that the displacement of spectral 
lines in the slower moving pairs of moderate periods of 
revolution is too small to be noticeable, while the stars 
themselves are nevertheless too close for separate visual 



observation Spectroscopic pairs are most numerous 
_ among the 



[“ Popular Astronomy ” 
SHERBURNE WESLEY BURNHMI 
Bumliam. is famous as one of the most successful 
discoverer^ and observers of double stars of recent 
times He possessed a remarkably acute eye and 
was able to take full advantage of the fine 
mstruments with which he worked For many 
years he had the use of the Forly-mch Yerkes 
refractor, with which he discovered some oi the 
closest visual bmari.es known to us 


lost numerous A History of Astronomy "] 

[By permtssion of Messrs Methuen & Co , Ltd 

among the wiehee^vj struve (1793-1864) 

whiter stars Struve^s accurate observations of some three 
/ T> Q „ 1 A thousand double stars, early in the Nineteenth 

\ an Cl A Century, laid the foundations of our present-day 

type) which knowledge of these systems William Herschel had 
r A m Tk T previously given much attention to this branch of 

m p r 1 S e study, but his instruments were unsuited to the 
nearly si xty precise and delicate measurements required 

per cent of those known They are chiefly stars visible to 
the naked eye, which for the most part are giants proibably 
of high mass on the average, and to this circumstance we 
may possibly attribute the extremely high proportion of 
stars which have been found to be double by the spectro¬ 
scope about one in every three or four of those examined 
in this way As Professor Ait ken, of the Lick Observatory, 
a great authority on binary stars, states We do not 
yet know whether that proportion will hold among the 
fainter stars, but on the evidence before us we may 
venture the suggestion that perhaps the stars of larger 
mass, and hence presumably greater luminosity, are the 
ones which have developed into binary systems ” 

The periods of revolution are generally shorter on the 
average in the hotter white pairs, which may be, in part, 
due to larger mass, revolution being faster owing to 
greater gravitational attraction The mass of a spectro¬ 
scopic binary can only be determined in any particular 
system if the mchnation of the plane of its orbit to the 
line of sight is known This is the case only when the 
stars echpse each other as in Algolstars, so called 




PALE red 



Cfintrasts somewhat nmml although \ery beautiful 





ORANGE — yellow —PALE YELLOW —YSH. WHITE - WHITE — BLUISH WHITE 


luminosity 



STAGE i: ORANGE AND YELLOW GIANTS. \ 


,, 2; YELLOWISH GIANT ANd'^WHITE dwarf. 

» 3 : BLUISH WHITE GIANT AND YELLOW DWARF. 

M YELLOWISH WHITE DWARF AND ORANGE DWARF. 

LUMINOSITY 


the: probabi^b bvobution of a doubbe star 

The more massive and brighter component of a binary system probably develops more slowly than the fainter component 
It thus results that the colours of the latter are generally bluer than those of the primary stars in the giant stage, and redder 

in the dwarf stage of development 
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after the variable star of that name Average values of mass corresponding to a\eiage angles of 
inclination can be estimated, however, and when these are classified according to spectral type the 
whiter types are found to be decidedly the moie massive on the average, lust as m the case of visual 
binaries If the spectra of both components can be discerned, which is the case when tlie light 
of the brighter is not relatively so great as to drown the spectium of the other, the lelative displace¬ 
ments or doublings of the lines enable the ratio of the masses to be found In such cases 
it has been ascertained that, almost without exception, the fainter bodies aic the less massive 


About two hundred 
eclipsing binaries, which 


DIVISIONS OF ONU HOUR 


vary m their light as a 
consequence, are known 
From their curves of light 
variation it has been 
possible to derive con¬ 
siderable information m 
regard to orbits, surface no 
brightnesses, and actual 
dimensions of the individ- 
ual components The 
fainter star is always 
found to be self-luminous 
and usually redder than 
the other when its colour ^ 
can be observed during 
eclipse of the brightei 
component 

The ma]oiity of known 
eclipsing and spectro¬ 
scopic binaries belong to 130 
the whiter and hotter 
types The components 
of the former are, how- 
evei, mostly of the grade 
of luminosity {t e , total 
light output) associated 
with dwarf stars, the 
spectroscopic binaries arc, 
as already stated, mostly 
giants The fainter com¬ 
ponents of eclipsing pairs 
are usually larger in dia¬ 
meter than their brighter 
companions, having as a 
consequence smaller den¬ 



- V OJ./VJL'C. 

This shows the cuivc ot chantjc of light for Y Tumis, a binary sj sltin consisting of <i 
bright stai neaily twice, and a laintci one about two md a qu liter turns, the Sun’s 
eWetci When the funtei stai comes between the biightei one .iiid the Jvlrth, at 
mterv^s of foity and a half horns, there is an eelipse and a diop ol neaily tluee 

magnitudesinUieapparentlightofUiestai Astiononieiseannotseethetwoeoniiionents 

but by a study of the shape of the light cuivc they can deduce then si/cs When the 
spectrum is known, the real light output ean be aUeulated and the distaiue derived 
In this case it is about a,000 light yeais ' 


sities, m the wider visual pairs the reverse seems to hold The difference may be explicable on one 
or both of two giounds The first is the gicatcr chance that stais with companions of abnormal 
development and unusuaUy great dimensions will be observed as eclipsing varulili' stais , the second 
IS the possibility that close binaries of the echpsmg and spectroscopic type may be diffe’ient m then 
mode of origin from the visual or more widely spaced pairs 

With regard to the birth of bmaiy and multiple systems, there 


IhO 


12.0 


18,0 


are three theories commonly 
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advanced One is that a chance encounter of two or more stars has resulted m their revolution about 
each other This is called the “ Capture Theory ” The second is that condensation has occurred about 
independent nuclei in a gas or dust cloud, or nebula, and the third that a rotating single star has 
divided into two or more components by centrifugal or tidal fission reinforced by internal radiation 
pressure 

The first of these methods does not seem likely to have been frequent, taking into account the 
enormous distances which separate the stars from each other Calculations show that in ten 
thousand million years only about one star m three will be approached by another within a radius 
of seven times the distance between Neptune and the Sun Another strong argument against the 
Capture Theory is to be found in the relations of the spectra and colours of double stars previously 
mentioned, which show that the fainter components are evidently the more advanced m their career 
This could not be expected to be a general rule if the origin of pairs were by capture, unless simultaneous 
origin IS attributed to stars occupying what seems an improbably great volume of space 

The second 
and third 
methods of 
origin above 
referred to 
seem to be 
both valid, 
and may be 
the normal 
ones for the 
relatively 
widely-spaced 
visual pairs 
and for the 
close spectro- 
scopic and 
eclipsing bin¬ 
aries, respec¬ 
tively In the 
case of origin 
from indepen¬ 
dent nuclei, 
the evolution- 

, ary process 

would appear to be somewhat as follows —In the parent nebula there would be here and there 
parts of greater density, which would act as centres of attraction At first the growth of 
these centres would be slow, owing to comparative feebleness of gravitational action More 
rapid development would occur as the masses of these nuclei increased and while the nebular 
material was still plentiful, later, when material was nearing exhaustion, the growth would 
again become slower Slow rotations would be set up by original motions or by inrushmg 
matenal which did not strike the nuclei centially, and this rotation would become more rapid 
as contraction resulted from the radiation of the heat produced in the process of accretion 
The^ assumption of spherical forms would mark the first stage of stellar life, two giant 
stars, revolving round their common centre of gravity, appearing where the denser parts of the 
original nebula had been situated 

The fission theory has been developed by mathematicians such as Sir George Darwin, Poincare, 
and Jeans It would appear very probable that the closer double stars have originated m this way’ 



[// E Mathews 

THE TylCK OBSERVAIORY, MOUNT HAMIIyTON, CAEIFORNIA 

cudowed over thiity years ago by an American millionaire, 
the late James Uick It is situated in a favourable climate, at ovei 4,000 feet elevation, and the skilful 
use of its powerful instruments has resulted in consideiable advances in knowledge 
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As a result of this process of division of a rotating single star, it would not be astonishing to find the 
companions to be less dense than their primaries (although further advanced m spectral type and 
colour) as they would possibly be composed of the outer and more tenuous layers of the parent 
body In about ninety eclipsing binaries, for instance, four out of five aie thought to have a companion 
less dense than their primaries, although more advanced in development as judged by spectral type 
On the other hand, the wider visual binaries, presumably evolved from independent nuclei, are 
likely to have their secondaries more advanced and denser than their primaries, being probably of 
independent, though simultaneous, origin 

One well-marked feature in the orbits of double stars should be referred to In the closest and 
most rapidly revolving pairs the orbits 
are generally almost circular, a more oval 
or eccentric elliptical form characterising 
the orbits of wider and slower moving 
binaries Theoretical considerations 
show that close pairs can become wider 
pairs by the effect of the tides set up m 
the bodies of each star, but not sufficiently 
so to cause those like spectroscopic or 
eclipsing binaries to become separated to 
the distances common in visual double 
stars Tidal forces may be responsible 
for the observed departure from cir¬ 
cularity towards ovalncss in the orbits 
of the two groups, one of which contains 
pairs originating by fission of single stars 
and the other is composed of binaries 
developed from adjacent nuclei m a 
parent nebula 

Recently it has been pointed out 
that the less dense secondaries of the 
close eclipsing binaries mentioned above 
are generally relatively more tenuous 
than their primaries in the case of 
those pairs which have the less mass¬ 
ive companions This tends to support ^hirtysix iNUiRivFUACiOR ofthhi,ickoBvSFRvaiory 
the idea of their origin as pairs by magmfictnt instrumcnl has for over thirty ycais been employed 

j „ . £ IX chiefly m the study of close double stais and of the speetra of the 

division of a single star, since the heavenly bodies Ihe late Ihofessor Bainard discovered the lifth 

smaller bodies would probably expand satellite of jupitcr bv its visual aid 

relatively more after the fission owing to a slighter degree of cohesion under gravity 


CHAPTER XIV 

STAR CLUSTERS AND NEBUL.E 

By J H Reynolds, F R A S 

INTRODUCTORY 

I N no branch of Astronomy has the introduction of photography played such a decisive part as m 
the observation and classification of nebulje and star clusters Forty years ago, when Sir Robcit 
Ball wrote ‘'The Story of the Heavens,and Newcomb his “Popular Astronomy,very little 
more was known as to the constitution of these objects, and their place in the general structure of 
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the Universe, than was revealed by the Herschels fifty yeais before The word “nebula” was at first 
indiscriminately apphed to all objects of an ill-defined hazy character which could not be resolved 
into stars by the eye Many of these, such as the coarse star cluster Praesepc in the constellation 
Cancer, the Andromeda Nebula, and the Magellanic Clouds were known in early times, but it was 

not until the in¬ 
troduction of the 
telescope that the 
stellar nature of 
the clusters was 
recognised Even 
then the small 
apertuie and im¬ 
pel fections of the 
primitive instru¬ 
ments led the early 
obsciveis to de- 
sci ibc many ob- 
jects as nebuhe, 
which the more 
powerful and 
efficient reflectors 
of the Herschels 
showed to be 
clusters of stars 
As the size and 
consequent light- 
grasp of telescopes 
was increased, so 
more and more of 
the so-called nebu¬ 
lae were resolved 
into stars, and the 
idea naturally 
arose that it was 
only necessary to 
go on increasing 
the light-grasp of 
the telescope to 
find that all the 
nebulae were stel¬ 
lar in their consti¬ 
tution Thus arose 
thenowabandoned 
distinction be¬ 
tween resolvable 

, , and irresolvable 

nebulae, which did not mean necessarily that the latter would always be irresolvable, but they were 
not resolved into stars by the instrument used at the time of observation There is no record that 
the great nebula known as the Nebula m Orion was ever noticed until the introduction of the telescope 
It was first described by Huyghens in 1669, in the following words “ There is one phenomenon 


the CROSShEY REFLECTOR 

six-mch Reflector of the Rick Observatory in its original form, as mounted 
trom Dr A A Common’s designs It was with this instrument that many of the photographs 
reproduced here were obtained This mounting has now been discarded in favour of a more rigid 
instrument, but the type was the basis of the large reflecting telescopes lecently erected 
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among the fixed stars worthy of mention, which 
as far as I know has hitherto been noticed by no 
one, and indeed cannot be well observed except 
with large telescopes In the Sword of Orion 
are three stars quite close together In 1656, as 
I chanced to be viewing the middle one of these 
with the telescope, instead of a single star, 
twelve showed themselves (a not uncommon 
circumstance) Three of these almost touched 
each other, and with four others, shone through a 
nebula so that the space around them seemed 
brighter than the rest of the heavens, which was 
entirely clear and appeared quite black, the effect 
being that of an opening in the sky through 
which a brighter region was visible ” The old 
conception of the dark firmament which contained 


Knowledge 

THE SIXTY INCH REFEECTOR OF THE MOUNT WILSON 

obse:rvatory, cai^ifornia 

One of the three largest reflecting telescopes in the world, with which 
many of the photographs appearing here were obtained In rigidity 
and general design it forms a great advance on previous instruments 
of this type 


the stars obscuring the glory of the 
empyrean may have been in Huyghens’ 
mind when he thus described tlie im¬ 
pression the nebula produced on him 
Wo shall see later that the Nebula in 
Orion IS the great example of what are 
known as the irregular gaseous nebulae 
Another nebula of a totally dilforent 
kind, also worthily designated “ Oreat,” 
is the Nebula in Andromeda Easily 
visible to the unaided eye, it has fre¬ 
quently been mistaken for a comet, and 
lies a few degiees north-west of the bright 
star p Andromedae It was first observed 
telescopically by Marius m 1614, who 
compared its light to that of a candle 
shining through horn 

To the naked-eye observer many of 
the star clusters appeal as ill-delined 
circular patches of light, such as the two 
open clusters m Perseus, and the much 
condensed globular cluster co Centaun, 
which was considered to be a ha/sy star 
when the Greek letters were assigned to 
the stars of the constellation in order of 
brightness The first list of star clusters 
and nebulm to be compiled and published 
was that of Messier, a French astronomer, 
m 1784 Messier came acioss a neliula 


THE FOCUSSING AND PHOrOGRAPIIIC A1 TACHMICNT 
OF IIIJ, IHIRTY INCH RKFIyECi'OR AT ItICXyWAN, 
EGYPT 

Ihc dark slide is earned m the leetangulai space 
shown on the uppei slide The two slides can be 
moved at right angles to each other by uiCiins of 
mieiometei seiews 
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accidentally in searching for comets, and this list of 103 objects was issued so that they should not be 
mistaken for comets Soipe of the nebulde described by him as “ Nebeleuse sans etoiles ” are now 
well-known globular star clusters, a good example of the inefficiency of the eye in distinguishing 



THK NEBUIyOUS BRIGHT CI^USTER IN SAGITTARIUS, M8, (N G C 6523) PHOTOGRAPHED WITH THE 
THIRTY-SIX-INCH REFEECTOR OF THE TICK OBSERVATORY 
A §^<3. example of the Galactic Diffuse Nebulae, many bright stars being involved in the nebulosity, somewhat resembling 
tne Pleiades Specially noticeable are the dark patches, mdicatmg absorbing matter between us and the Nebula Owing 
to its southerly decimation it is difficult to observe this object satisfactorily in England 


faint points of light with a small telescope But it was not until Sir William Herschel early in the 
nineteenth century devoted himself to a thorough examination of the sky with the powerful instruments 
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he had constructed, that the importance of this branch of Astronomy became manifest In this 
work he was helped by his sister Caroline, and was succeeded by his son Sir John Herschel, who 
completed in the Southern Hemisphere the work so ably accomplished in the Northern Hemisphere 
by his father In 1864 the “ General Catalogue of Nebulae ” appeared in the Philosophical 



ARGO NAVIS, NGC2506 

CRaWBOBmrr^ ROBERTS’ OBSERVATORY AT 

CROWBOROUGH, WITH THE TWENTY-INCH REFLECTOR, IN 1894 

observations o( this duster between the years 1841 
and 1866, fought he saw a spiral appearance about the br^test star and a genera 
nebulous character m the cluster This is not borne out by the photo“U,®w^ 
shows no trace of nebulosity 


Transactions of the Royal 
Society, containing 5,079 ob¬ 
jects, of which only 450 were 
due to other observers than the 
Herschels This has necessarily 
formed the basis of the New 
General Catalogue of Dr J L E 
Dreyer, issued by the Royal 
Astronomical Society in 1888 
Dr Dreyer (now President of 
the Royal Astronomical So¬ 
ciety) included in his catalogue 
all other known observations 
of nebulae, and the total number 
of objects was thus increased, 
with the two additional Index 
Catalogues, to well over 10,000 
objects This catalogue has 
been regarded ever since its 
publication as the standard 
work for observers of nebulae 
and star clusters all over the 
world, and it is by the numbers 
therein affixed that the objects 
are generally known Visual 
observation at the telescope 
was continued until the early 
'eighties of the last century, 
notably by Lord Rosse with his 
gigantic, but roughly mounted 
reflector of six-foot aperture at 
Parsonstown Meanwhile 
another line of attack had been 
devised by Sir William Huggins 
with the spectroscope Most 
of his early work was devoted 
to the spectra of the stars, but 
in 1864 he thought of applying 
the new method to the nebulae, 
and he chose a small bright 
nebula with an elliptical disc in 


4 -VT u 1 1 Draco, of the class termed 

anetary Nebula by the Herschels He found to his surprise, on looking through the eyepiece 
o the spectroscope, that the light of the nebula, instead of being spread out along the spectrum as 
in the Sun and stars, was concentrated in a single line in the green He thought at first there was 
some lack of adjustment m the instrument, but soon convinced himself that the appearance was real 




inji OJb M4KCH’ 

hei husbin/the alaimirm appa^tfucm ^^ActuSy Julms^ dioi^ fS’Tsth lySfch^^il^B^c" \vh5e\”he ComT^^ pointing out to 

suen by the Chinese The Latin authors dcsciibe its bugtoess duimg the in^titnld^v f‘'I' ^be month 

Augustus put a star (suggested by the Comet) ~ ‘s^\ifTS^ 







on 



IHE STAR ClyUSlER HERSCHEE II\ C-VSSIOPEIA, N(.C77«9 PIlOTOl'rRAPHIvD AT DR ISAAC 

ROBERTS' OBSERVATORY AT CROWBOROXrOH, WIlIl TIIIv IWIvNTY-INCH RI^FEECrOR, IN 1898 
A good example of the open clusters in the Milkj Way Ihesc arc much more numcious than the isolated groups of blight stars 
or the globular clusters It has been suggested by Dr Shapley that these were originally globular clusters which have entered 
the galactic regions and become to some extent dispersed This is not improbable, as the globular clusters m general have 

a motion of approach to the C»alax\ 
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and not illusory, and the only possible interpretation was that the nebula consisted ot radiating 
gas On the other hand, he found that not all nebulae showed emission gaseous spectra, but 
some, such as the Nebula in Andromeda, gave a continuous spectrum like the stars Huggins 
therefore definitely established the existence of two classes of nebulae those which were gaseous 
and those with a spectrum resembling the stars It was at this juncture, when any great advance 
by visual telescopic observation seemed improbable, that photography was called in to assist the eye 
By placing a photographic plate in the focus of the telescope in place of the eyepiece, it wa^ found 
that an impression was made of faint stars which were beyond the limit of visual observation with 
the same telescope, and it occurred to Dr A A Common, of Eahng, in 1881, to apply this new method 
to the photography of nebulee He was soon rewarded by magnificent photographs of the Orion 



THS DOUBI^B CnUSTKR N G C 869,884 IN PERSEUS PHOTOGRAPHED AT DR ISAAC ROBERTS' 
OBSERVATORY AT CROWBOROUGH, WITH THE TWENTY-INCH REFLECTOR, IN 1896 
These well-known dusters, visible as a nebulous patch to the unaided eye, are striking objects even m a telescbpe 
They are more condensed than these galactic dusters ustially are 
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Nebula, wlucli u\<'aled m a ±iw 
niiniitt s (‘\})()suK' witli his lai^c 
ctoi details not recorded at all 
111 the laborious and painstaking 
drawings ot this obiect by G P 
Bond at Washington twenty yi^ais 
btdore This success was qiuchly 
lollowed lip, first by Dr Isaac 
Roberts with lus twenty-inch ic‘- 
lic'ctor at C rowborough, and in 
America at the Lick Observatory by 
K{ eler witli a thirty-si\-mch re- 
llector constructed by Dr Common 
<ind Mr Calvei for Mr Cxossley, 
<d Halifax, and presented by that 
gentleman to the Lick Observatory 
By 19€(), many hundreds ot photo¬ 
graphs of nebiiLe and star chistcns 
had become available* foi scrutiny 
4inel measliniment, and the applica¬ 
tion of photogiaphy to tin s])e‘ctr()- 
seojie assisted in the dtdermination 
of the type to which the objects 
should be assigned In 1908 <i 
thirty-mch reflector was installed 
nt the Helwan Observatoiy in 
Itgypt to deal with tlie SoiithtTii 
N<‘bulce. and tht‘ si\ty-ineh and 



nii«: (ri/)iuii^Au ciyUsijiR inciusciiivn in toucan, N(,c io4 
rnoi()(,KAPiiio> vvnaii rm^ \iciokiv pnoKXiRApinc 

R1CM<ACU)R OF TlIIv C \1M OBSIvKVATORX" 
llic second ni Older ol si/t and ijiajj;iiilii(k ni the Soiillum IRnusplu ic* ol 
tlK sky It wasdtstnixd by Sii r<>hii Ilcischtl as havniK^ .1 eoitial mass ol 
white st us with a ol ud ones ol)S( ivatioiisdo not Inai this out 


nowtlio liundml-mtlinlkctoisut Mouiil WiKon, mounted witli .ill llu iireusmn niodein niKimvnng 
IS i .ipable of giving, aie i ng.iged on tlu' pilotogniphy ol imbuLi- mid st.u (lustei s .itc onling to a deimite 
piogiamme of work, wJiidi maps out the whole ol the .ivailable tmw dunng ivludi Hum moat 
instrunients can be (niployed 


iiin fHonx.K vi'in oi. ni itiii i wd si \k ( lusims 

Dr Steaveuson, m the hist duqdoi ol Ibis \N',„k, lus dealt wiili photography as .ipplud 
to astionoinical restardi generally, .iml has lui iitioned the pieldoiue giuii to relleitois m nuinit 
years Ihe principal reason of this pidcrenie is the gre.it light grasp wliii h ran be .ittaiiied 
by this type ot instrument Vs in .i canieia the bnghtness ol the nn.ige ol an evti iidid ol>|e(t (and 
( onsequinl duration of evposuri) depends on the loi .il i.itio, so in .i rellistiiig ti lesiopi , the innroi 
ground and polished to a curve giving a focal r.itio oi h .I producc-s a inudi biiglitei ini.ige th.iii a 
refractor of ,i foc.il ratio of F15 In di-almg with i xcessively faint -obji^cts siuh as nebul.e this is ,i 
trenicndous advantage, and all the recent woik on nebula which has led to such unpoilanl nsuits 
las )ccn achitvtd by rellectors of twi nty-mch <i]X‘rtur( andupw.iids Aiiotlur reason why lelkc tois 
.ire so cfhcient for photography is the fact th.it not only tlu> visu.il p.iit of tlu' spi dmin bul .ilso the 
liorlion lying in the ultra viokt is reprcsonti'd in the loi.il iniagi without iinirh loss, and lhc‘ gaseous 
ne ua are usudly very rich in this invisible light Vgain, the production of a laigi' niiiroi having 
only one surface to be polished and hgured is an easy matter compared witli tli(> four and sometimes 
siv surfaces of a large lens, the thickness of which is in itself an impediment to light, and especially 
to ultra violet lays The production of the perfectly liguied parabolic mirror, although important, 
IS, owever, only a part of the work to be dom*, and .ill the refinements of modern engineering have* 
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to be employed m its mounting, so that the focal image can be impressed on the photographic plate 
accurately during a long exposure The reflecting telescope is, m fact, a huge camera with a parabolic 
mirror instead of a lens, mounted on an axis parallel to that of the Earth and provided with a 
mechanism driving it from east to west, so that the diurnal rotation of the earth from west to east is 
precisely counteracted If a star which is imprinting its light on the photographic plate is allowed 
to deviate from its true position by one-hundredth of a millimetre the effect will be not a circular dot, 
but an ellipse, and every other point on the photographic plate will be displaced to the same 
extent, with the result that the photograph will not be capable of accurate measurement Some large 
reflectors are provided with electric control, an arrangement originally devised by Sir Howard Grubb, 
in which an independent seconds pendulum either accelerates or retards the driving of the telescope 
by means of relays and differential gears The thirty-inch reflector at Greenwich has such an 

arrangement In America the 
same result has been attained, not 
by electric means, but by great 
.mechanical refinements m the 
rotating frictional governors, the 
balls or discs not moving up and 
down in a circular but in a para¬ 
bolic curve, so adjusted that there 
IS a very small difference in rate 
between the highest position and 
the lowest This has been found 
to act very well as applied to the 
gigantic sixty-mch and hundred- 
inch reflectors at the Mount 
Wilson Observatory But neither 
the electric or mechanical control 
is sufficient to ensure the accuracy 
essential for the long exposures 
necessary for the faint nebulae 
The ingenuity of Dr A A Com¬ 
mon, of Ealing, gave us the piece 
of apparatus which has now been 
almost universally adopted for 
this kind of work Instead of the 
plateholder being mounted im¬ 
movably at the focus of the 
reflector, it is carried on a double 
slide which is capable of movement 
in two directions at right angles 
to each other, corresponding to the motion in right ascension and declination of the telescope itselt 
It IS obvious that if a star just off the edge of a plate is observed through a highly magnifying 
eyepiece contaimng illuminated cross-wires, any motion of the star away from its proper position 
will be reproduced all over the plate Each of the slides carrying the plateholder can be moved by 
fine screws with large divided milled heads, so that by turning these, the star can again be brought 
on to the cross-wires and the whole field of the photograph corrected by an equal amount The writer 
has found it best to have a double set of cross-wires formmg a minute square in the centre of the 
eyepiece field, as it is easier to centre the brightest point of the star image, distorted by its distance 
from the optical axis, in this square than to keep it on the intersection of two illuminated wires 
Another matter of great importance is the position of the focal plane Unless this is accurately 



r'yowt] |‘ Worlds of space ' 

THE GlyOBUIv^R CLUSTER, <*> CENiXURI 
Although this cluster, both from its dimensions and the magnitudes of its 
component stars, is undoubtedly the finest object of this class m the whole sky, 
it has not yet been photographed with a large reflector owmg to its considerable 
southern declination One of the best photographs so far obtained is that of the 
Franklin Adams Charts 
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attained to a hundredth 
of a millimetii, the 
tull light value of the 
mirror is lost on star 
images owing to the 
wide angle of the cone, 
and those of fainter 
magnitudes do not 
register themselves on 
the plate A question 
of considerable interest 
is the degree of faint¬ 
ness of a stai which 
can be photographed 
It is known that the 
seventeenth m a g n i - 
tude is about the limit 
of visibility even in 
large instruments , bv 
photography undei the 
best conditions tin 
twenty-first magmtudt 
has been reached with 
the large reflectors in 
America, and with a 
very perfect fifteen- 
inch miiror by Mr 
C R d’Esterre in this 
country It is doubtful 
whether this will be 
greatly extended m the 

When a comparatively slow plate is used to get rid of the effect of gram, very prolonged exposures 

SXTT’ consecutive nights This entails a most accurate registeation 

of the position of the plate, so the plateholder is furnished with three conical pointed screws which 

1 a shd^aotbl T r slide The guiding eyepiece is also mounted 

on a slide capable of motion m the two directions by screws An illustration of the photographic 
and focussing attachment of the Helwan reflector is given on page 525 

Some details as to the construction and working of the two great reflectors at Mount Wilson 
bservatory may be of interest The sixty-mch was completed m 1910 from designs by Professor 
Ritchey who also directed the grinding and polishing of the large mirror Its mounting is of the 
open fork type The telescope, supported on trunnions bolted to a heavy cast-iron base 
carries the mirror at its lower end and consists of an open tubular framework above The fork formed 
y the trunnions and base, is attached to the top of the polar axis, a massive steel forging revolving 
m bearings at the requisite angle (thirty-five degrees, the same as the latitude) and placed accuratelv 
north and south A good proportion of the weight of the moving parts is taken by a steel drum at 
he upper end of the axis below the fork, floating in a mercury trough The quick and slow motions 
are mampul^ed by electric motors, the controlling wires being taken up to the eye end of the 
Newtonian attachment with its forty-five degree plane mirror is m a separate cage 
e o the end of the framework tube, the parabolic mirror coming to its principal focus at 


[Photo by Prof Keeler 

OPHIUCHU.S, N C, C 6218 PHOTOGRAPHED 
WITH IHl, aillRlX SIX INCH REPLECIOR OI- THE DICK OBSERVAIORY 

This clustei IS iKitha so nch noi so condensed as the inajoiily of globular clusters, and is 
mteiniediate bcUv ecu these and the gaUetie type of open clusters 
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twcnty-fne ieet Two otkei cages carry coavt". mmors which flatten out the tocal cone ot the gieat 
minor to equivalent focal lengths of eighty and one hundred and twenty feet lespeitively In each 
of thise the tocal image can either be reflected by a small plane rairroi on to the uppei side ot the 
cast-iron h, dvof the telescope or down the centre of the polar avis to an equal-teinperatiiie cliambei 
elow foi spectrographic work The nehulai photographs obtained with this instrument are 
by tai the tincst yet produced, and many of them are reproduci'd m this woik The other great 
nistnnnent, the one-hundred-mch reflector, is of much more recent construction, as it h,is onh 
bein completed since 1918 An illustration of it appears on page 39 In this case it was 
decided to mount the telescope in a closed fork supported above as well as below as in con- 
stspiencc of the great weight, it was not considered safe to rely on the open toik type ’ The great 
disa(bant<ige ot this closed fork is that it is impossible for the telescope to be- brought to bear on 
obiects ne.n the North Pole of the sky When the great disc of glass, one hundred nuhi's in dia- 
mct( 1 and tluiteen 


hicIk s tlnck w<ib 
lust tested, Pro- 
f(‘ss()i Kilchty ro¬ 
pe )it( d cL permanent 
set ot the glass along 
OIK dnuiuter which 
pn\( nti d a pertect 
ioc al imago from 
bmng obtaim d, and 
it was only after 
C()nsidcT<ible licsita- 
tioii that tht‘ work 
oi grinding, polish- 
1 ng and tigiuing was 
prosecuted to a con¬ 
clusion Th(‘ result, 
however, lias fully 
] ustifiod the risk 
taken, as the beau- 
lit iil photographs 
of tile Moon and 
N( hula, which it has 
(iht^ady piodnced 
snfhcientlv prove 
Tile 11101 mo us re- 
voh mg dome of 120 
let t diameter is, 
from tlie engineer¬ 
ing point of view, 
undoubtedly the 
most wonderful 
piece of work yet 
produced in this 
dnection, especially 
considering its alti¬ 
tude at 0,000 feet 
above sea-level 



IHE N Ci C 5904 PHD 1 OOR^PIIia) WITH THE 

thirty-six: INCH rkfi^hctor of the tick observatory 

A inuch-condensed cluster of t'welfth. to beveateenth magpuitucle btars Most of tke dobular 
c Listeis are near the Milky Way, but this is m a barren region of Hit skr, coiitauimg no nebula 

and only a few famt stars 






^ GI^OBXJIyAR CI^USTER M 3 IN CANB)S VE^NATICI, N G C 5272 

PHOTOGRAPHED WITH THE SIXTY-INCH REFEBCTOR OP THE MOUNT WILSON OBSERVATORY 
Tl^ dust^ hes n^r the North Galactic Pole aiid is one of the finest visible m northern latitudes The amazing degree of conden- 
^tion in the ^tre can readily be seen, as the separate star discs cannot be distmguidied owing to their Smber ]VIaii\ 
thousands of stats from the twelfth to the seventeenth magnitude are included m thisS area^s^ SomT^^e 

are short-period variables of the type known as Cepheids 
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w,, STRIBUTION Oh IHE ST4R CLUSTERS 4ND NEBULA IN THE SKY 

Unm.,s s the whole structure oi the 

I-><‘ I oninlete i ^ts limits No descuption of the star clusters and nebulje would 

obi c s : t '"telhgiblc. without giving the results of recent research on the grouping of these 
5 * Astronomers recognised in very ancient times that the clstial 

Nm N°^th pL of this avis now 1 es net th 

deteimined by the 
direction of th“ 

Earth’s <i\is, and 
the positions of all 
objects in the sky 
are rt ftned to this 
great circle and 
the pol(s m wliat 
an^ known as Right 
Ascc^nsion and De¬ 
clination, corre¬ 
sponding to ter¬ 
restrial Longitndt‘ 
and I atitude 
AnotluT division 
of tht‘ spheie is 
made' by the gre<il 
cirdt'known as the 
Ech]>lu, which is 
th<' <Lppau‘nt path 
ol tiu' Sun in 
the sky dm mg 
th<‘ yi'ai riu' 
position oi the 
plant tsandc omets 
«ir(' n feiu d to this 
tiult' and to its 
poles in celestial 
I ongitiuh' and 
Datitiidt' It is 
(‘Videiit that tlu' 
first IS puit'ly tei- 
K'stiRil, whili' the 
ond <i])])lies to 
th( Solai Systt'in 

iis a whole But theie is anothei division of the celestial sphere which is of much greater importance 
than t'lthei ot tlu'^e, for the Milky Way approximately foims a great circle of the sky, and although it 
\^<ines m width, sometimes with consideiable inegulaiities, a line can be traced along its entire course 
dividing the splu'i c into hemispheies This is called the Galactic Equator, its poles lying m the northern 
onstt^llation of ( oma Berenices, and in the southern constellation Cetus It has m recent years become 
usiiid t o I eft ‘1 the positions of stars and nebulae to this division of the sphere, as it is evidently of funda- 
importance, and not merely local as the other two divisions must be Sir William Herschel 



llllv (iI^onULXR CLUvSl IvR M 15 IN PECtASUS, N G C 7078 PHOTOGRAPHED W ITH THE 
iniRl\ SIN INCH RPl-LECTOR OF THE LICK OBSERVATORY 
LiLc the clustu in Libm, this lies in a baiien legion of the sky 


mt'ulal ir 
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was the first in the field in this, as m many other questions connected with stars and nebula He 
came to the conclusion that there was a concentration of nebulae towards the North Pole of the galactic 
sphere, and Sir John Herschel, after his work at the Cape, came to a similar conclusion as to the South 
Pole Neither of them was entirely correct in this, although the evidence they got certainly made 
it seem reasonable, and it was left for the photographic survey of the sky during the last thirty years 
to reveal to us what the distribution of these objects really is Broadly speaking, the globular star 

clusters are con¬ 
gregated in one 
hemisphere of the 
sky its pole being 
in the Milky Way 
in Sagittarius, 
while the large 
spiral nebulae pre¬ 
dominate in the 
other hemisphere 
The probable 
meaning of the 
distribution will be 
discussed when we 
come to deal with 
the spiral nebulae 
On the other hand, 
the diffuse, irregu¬ 
lar and dark nebu¬ 
lae are all galactic 
objects, most of 
them within ten 
degrees of the ga¬ 
lactic equator The 
planetary nebulae, 
which without ex¬ 
ception give a 
gaseous emission 
spectrum, have the 
same general dis¬ 
tribution as Wolf- 
Rayet stars, and 
can safely be con¬ 
sidered also as 
forming part of 
the galactic sys¬ 
tem The classi¬ 
fication of star 

clusters, apart from nebulae, is an easy matter compared with what it was in the days of visual 
observation only, and we can proceed at once to deal with this class of objects, leaving the nebulse to 
be discussed in a later section 

STAR CLUSTERS 

These are found in various regions of the sky m all degrees of compression, from the loose 
^^^^^tions of bright stars such as the Pleiades, the Hyades in Taurus, and Praesepe m Cancer, 



THE niFEUSB NEBUIyA H V 30 IN ORION, N G C 1977 PHOTOGRAPHED WITH TH] 
THIRTY SIX INCH REEIyECTOR OF THE Z,1CK OBSER^ ATORV 
This gaseous nebula is just to the north of the Great Nebula in Orion, and evidently forms part c 
It, from which it is separated by a wide band of absorbing matter Its spectrum is similar and ] 
includes some bright stars involved in the nebulosity 




DU’I US3j. AND BRKrllT STAR (>X<O0P IN' KONOCI5ROB, NCTCJ!i<i7/9 PlI<)TO(5-RAPHED AT 

DR ISWC ROBERTS^ OBSERVATORY AT CROWBOROUGH, WITH THIC IWENl Y-INLII RRFEECIOR, IN 1899 
This Mcbula lies iii the Milky Way not far fioiu Oixon and is similar iii type to the nebula M 8 iii Sagittarms, also coimecteci 
with bright stais Such nebulae do not always give a g<iseoiis emission typa oi spectrum, but sometimes a coiitmuous type 
lb produccfU indicating that the iiel)ula is made visible by reflected light from the stars 
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NDeBUI^OUS :R3GI0N TOAR RHO OPHIXJCHI photographed by professor E B BARNARD WITH A SIX-INCH 

PORTRAIT bens 

The ^ea represented in this photograph, is much greater than in the previous lUustrations, and covers a large field of the Milky Way 
The dark spaces which are so conspicuous are probably absorbing matter, which, is lit up by bnght stars and appears around them as 

Itmmous nebulosity 
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winch aiL conipaiativcly do>,c to us, to the small denstl> packed and centiallj condensed clusteis 
ot faint stars which aic known as “globular” It will bo best to divide these objects into tliiee 
classes, .iltliougli tlieie <iri* no well-defined limits bet-w<*cn them 

(1) llie large groups ot comparatively few btiglil stais 

(2) Open cliistcis, b> vliicli is meant chistcis ot some liundieds of ninth to tourtcenth magnitude 

stars with little cential condensation 

(d) The globular clusters containing many thousands of faint stars of twelfth magnitude and fainter, 
condensed m the centre to such an extent that individual stars cannot be distinguished ’ 
'1 hue are only a, few examples 


ot the first class in addition to 
the Pleiades, the Hy«ides, and 
Praesepe already mentioned, 
and the niajonty of the others 
appear in the neighbourhood 
ot the Milky Wav in the 
bouthern Hemisphere of the 
sky The brightness of the 
stars IS an indication that they 
die comparatively close to the 
bolar System compared with 
the globular clusters We will 
take the Pleiades as a type of 
this class, first of all bt'caiise 
it IS the best known, and 
seconcUy because it has been 
studied and measured more 
than any other group ot stars 
It was well known m ancient 
times, and is often mentioned 
m Eastern and classical litera¬ 
ture Wliethcr this group was 
actually intended by the writei 
of the Book of Job is doubtful, 
as the identification of the seven 
stars with the Pleiades by the 
translators was only a more or 
less piobablc surmise It is, 
however, mentioned by Homer 
in the Odyssey, and by Virgil 
in that (‘arly astronomical trea¬ 
tise on the seasons and their 
influence on agriculture, the 



” Georgies ” Six or more fairly biight slurb cun readily be seen at u glance on a fine night , the 
telcbcope shows well over a hundred In photographs there are many more faint stars, but it is 
probable that only the brighter stars actually belong to the group, the remainder forming a distant 
background From the ancient records there is reason to think that the principal stars torming the 
group have varied in relative brightness Thus Alcyone, the “lucida,” or brightest star, now of 
the third magnitude, was either not one of the four Pleiades observed by Ptolemy, or else was much 
ufainter than it later became Next in bnghtness come Electra and Atlas, each of 3 (> magnitude . 
Maia of the fourth magnitude , Merope and Taygeta, both between the fourth and fifth magnitude! 
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and Pleione of 5 4 magnitude, with, a gaseous spectrum like some variable stars The interdependence 
of the brighter stars of the Pleiades is undoubted, they all have the same proper motion (according 
to Newcomb) of six seconds a century, and the discovery in 1886 by photography, that the whole 
group IS enveloped in nebulosity, made this interdependence doubly certain The character ot this 
nebulosity may be seen from an examination of the plate on page 56, an extraordinary characteristic 



THE DIFFUSE l^BUDA NGC281 IN CASSIOPEIA PHOTOGRAPHED 
AT DR ISAAC ROBERTS’ OBSERVATORY AT CROWBOROTJGH, WITH 
THE twenty-inch REFEBCTOR 

A galactic nebula associated with stars and dark spaces The legion of the Milky 
Way in Cygnus and Cassiopeia is the brightest in the northern ^sy, and contains 
many e'camples of nebulae of this type 


very seldom encountered being 
the strmging together of several 
stars by a long vusp of nebu¬ 
losity In recent years the 
additional discovery has been 
made by Shpher at the Lowell 
Observatory, in Arizona, that 
the spectrum of the nebulosity 
IS identical with that of the 
involved stars, and we are 
justified in concluding that the 
nebulosity is made visible to 
us by reflected light, in much 
the same way as the Zodiacal 
Light IS made visible by the 
reflected light of the Sun The 
spectrum of the brighter stars 
IS that known as the B type 
of the Harvard scale, m which 
hydrogen and helium absorp¬ 
tion lines are the principal 
characteristics It maybe 
asked whether it is possible to 
estimate the distance of this 
wonderful collection of bright 
stars There can he no doubt 
that they he at a great distance 
from the Solar System, so that 
it would take something like 
200 years for their light to 
reach us At such a distance 
our Sun would not be visible 
to the unaided eye at all, 
appearmg as a telescopic star 
of 8 6 magmtude Even Sinus, 
the brightest star in the sky, 
would occupy a subordinate 
position in this assemblage if 
removed to an equal distance 
If we take the whole group as 


being roughly globular, the 

hght would take six years to pass through it, and its diameter would he half as great again as the 
distance between us and the nearest bnght fixed star (a Centaun) The great intnnsic bnlliance 
of its individual stars can be gathered from their spectra, which are higher in the scale of 
temperature than stars such as Sinus, where broad hands of hydrogen are the marked feature 





[“ Knowledge ” 

the trifid nebula in SAGITTARIUS M2^0^ ^hE ScK 0BsSvAT01^“ THIR TY SIA-INCH REPEECTOR 

One of diffuse nebul^ m the star clouds of Sagittous, where the Milky Way is densest This nebula is probably a portion of a 

dark doud of matter lymg across the nebulous region The dark spaces and lanes are apparently between us and the nebula 




L jxMmUdge ’ 

THE “ AMERICA." NEBUTA IN CY6NUS, H V37 PHOTOGRAPHED BY E E BARNARD VIXH A SIX-INCH PORTRAIT LENS 
One of the great diffuse ^ctic nebtte apparently connected with a dark doud of absorbing matter The difference m the number of the stars 
m tte up^ and lo^ of the plate is quite stntang, only a lew of the brighter stats appearmg m front of the •' A 

of absorption neat the edge of the doud is also remarkable lor its dearly defined ouUme The bright patches are stars involved m ^dSi^ 
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of tlie spoctnim A similar group of stars m all prob.ibility murli moic lomoto than the I'loiacles, 
and involved likt them in nebulosity, is to be found in the constellation Sagittarius, near the iichcst 
parts of the Gak\y This is the eighth m the list formed by Messier, but it is difficult to obiiive 
01 to photogiaph it in this coiintiy owiii^ to its soiitheily position m the sky, and the shoitness of the 
summer nights wlnm it passes 


the meiiduin <it midnight It 
h<is, howcvei, been photo- 
graplic'd succc'sstiilly in more 
soiithuly latitudes, in Egypt 
and in Caldoinia tMr John 
Hersclu'l says m his “ Outlines 
ot Astionomy/' “ It is <i col¬ 
lection ot iK'biilous folds and 
matter, sin rounding and in- 
chiding a number of oval dark 
vatancK's, and in oiu' place' 
coining lip to so gieat a ch'grec' 
ot brightness <is to ollei the' 
apjx'aranco ot an c'](>ng<itc'cl 
nucleus Su]>ciimposed upon 
this nc'biila, and extending in 
OIK' diu'ction beyond its arcM, 
is a hue and iich cluster oi 
scattered stars, which setmi to 
have no connection with it, <is 
the nebula docs not, as in the 
K'gion oi Onon, show any 
tendency to congregate about 
the stars ” \ncl yet photo- 
giaphy has (oncliisnc'ly proM'd 
tluit lh^‘U' is a \ciY d( iinitc' 

(onnc'ction between tlu‘ stais 
and th(‘ nchulositv in which 
tluy au iiuoKcd, as stars 
airangc'd in emves au' con¬ 
nected by wisps oi nebulosity 
similai to those in the. Idciadt's 
Anothei gioup well known in 
ancient times is Piacsepc', m 
the consUlLition Cancel In 



this case' there is no involving 
nebulosity, and the ty])e of 
predomina nt s])cclruin is similar 
to that of tile Sun, indicating 
a much lowci tempcratiiR' than 


XI BUIA N C, L U9<) IN PURSUUvS IMIO 10( .R \PI IIU) VP 

DR LSVAX ROHPRIV OIKSICRVATORV A T CRC )WH()R<)Ul ai WininillC 
TWn^NTX -INL.ir RlvP tIvC 1 OR 

One of the liUiiRiit(msiic))ul<t. which au usually louiul mconiuitioii vulhcluk donds 
of ah-^orbiiiK^ uuilUr m the :Milkv W<iy That is cvkIukc oi Midi a ikiik doiul on 
Iht left hand side of the iihototjiapli wlicit stiis lu (.oinpaiativdy lew 


the stars forming the Pleiades Much attention was paid to this congregation of stars in the 
lattei half of the last century, and their positions accuratc'ly determined by visual observation 
at the telescope There can be no doubt as to their mutual mtcrdcpendenco and m a small 
telescope they form a stnking collection of bright stars, most of tliem just beyond the limit of 
naked eye visibility kmongst the groups of comparatively bright stars may bc' mentioned the 
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Hyades near \ldebaran in Taurus, and Coma Berenices—an extended mass of stars near the north 
galactic pole The position of many of these groups in the sky is right away from the Galaxy , this 
fact, coupled with their comparative brightness, is in itself evidence that they he closer to us than 
the next class of star clusters, which are known as " open ” clusters Broadly speaking, the open 
clusters are galactic objects, that is to say, they appear usually in or near the Milky Way itself 
They are much more numerous than the coarse groups we have already considered Melotte, from 
an examination of the Franklin Adams plates of the whole sky, includes 147 objects under this head 
Perhaps the most conspicuous examples in the northern sky are the two beautiful clusters in the 

sword handle of Per¬ 



seus Another, in Ge¬ 
mini (NGC2168), IS 
a fine object in a large 
telescope Others in 
Cassiopeia are well 
worth examination, 
and photographs show 
strongly how some of 
the clusters concentrate 
towards the centre 
But in the writer's esti¬ 
mate, the finest of all 
IS the cluster N G C 
2437 Argus, in the 
southern sky, below 
Sinus in the Milky 
Way Viewed with 
the thirty-inch reflector 
of the Helwan Obser¬ 
vatory in Egypt, it IS a 
hnlliant object, and an 
extraordinary feature 
not found elsewhere is 
that one of the cluster 
stars, not differing 
from the others in 
apparent magmtude, is 
surrounded by a ring 
of nebulosity A re¬ 
markably good photo¬ 
graph of this cluster 


NEBUI^A ROTJinD THB STA.'R v scoRPii PHOTOGRAPHED BY PROFESSOR and the rins^ nehula 
E E BARNARD IN 1896 WITH A SIX-INCH PORTRAIT EHNS ^ 

Th.e iiebulositv sunoundirig the star stretches for some distance, but its lUiunination is ^.ppears in Dr Isaac 
probably due to the star itself and possibly one or two other bright ones in the vicinity Roberts’second volume 
The dark halo round the star is a photographic effect, owing to the plate used being unbacked photographs and IS 

reproduced on page 627 As at its highest culmination at Dr Roberts’ Observatory at Crowborough it 


was not more than 25® above the honzon, it says much for the skill and determination of the observer 


that an exposure of twenty minutes was given with such excellent results Sir John Herschel 
observed it at the Cape, and first drew attention to the small ring nebula round one of the stars 
There is not so much concentration towards the centre of this cluster as in others of this class, and it 
may be regarded rather as a local concentration of the Milky Way If we were to imagine a sphere 






MTAMliNU'OUvS Nl^IUJIyA IX C-VCrXlIS, X G C 69C0 PHOrOGRAPHJUD BY MR (. W RITCHEY WITH THE 
SIXTY-IXCH REFEKCTOR OF IHE MOUNT WIUSOX OBSERVAIORY 
Ihc I'njjfhl loiuid palUi ‘it the lop of the photogiaph with four diffiaction ra>s is the star H C\gni It will be noticed 
L r 'ri 'T f the nebula aie mueh more numerous than on the othei , it is piobable, therefore, that the nebula 

blight illunimatecl edge of a claik cloud of absorbing niattei similai to that in the illustration oi the dark nebula 
t » iKniis [ te p ige 1/ ) Ihe nebula is in reahtj. a very faint object, but a prolonged e\.pohure and photographic 
manipulation have made its faintest details \ei\ apparent 
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THIJ NEBUIyOTJS RB:GI0N CONTAINING THE 
VAMABI^E NEBUE\ ATTACHED TO THE 
V^RIABTE STAR R CORONAE AUSTRALIS 
PHOTOGRAPHED WITH THE THIRTY-INCH 
reflector of the HEEWAN OBSERVATORY 
This IS a reproduction without enlargement of an 
interesting region in the southern sky, which lies about 
20 degrees from the plane of the Galaxy A dark area 
with a few bright stars surrounded by nebulosity includes 
the variable nebula, in appearance rather like a comet, 
which lies below and a little to the left of the bright 
nebulous patch A globular star cluster appears in 
the comer of the plate 


containing stars equally interspaced, we should get, 
by the effect of perspective alone, a great concentra¬ 
tion towards the centre This question has been 
made the subject of special study by Professor 
Plummer and others, and has an important hearing 
on investigations of the third class—the globular 
clusters 

THE GLOBULAR CLUSTERS 
These are without doubt the most important as 
well as the most beautiful of the clusters Although 
the apparently smaller and fainter objects are found 
in and near the Milky Way, there are remarkably 
fine examples in regions far removed, some even 
near the galactic poles The cluster known as co 
Centaun, in the southern sky, the two clusters in 
Hercules, the clusters in Canes Venatici and in Pegasus, 
are all well-known telescopic objects, and as seen with 
large reflectors are truly magnificent But it is only 
by means of photographs that we can adequately 
study and appreciate their dimensions and the 
enormous concentration of faint stars, so massed 


j ^ , together m the central regions that the individual star 

iscs canno e separate In the northern sky, the cluster in Hercules, Messier 13, mentioned 

y i. ' Airiest and best known It lies in a comparatively barren region of the 

^ entrance into the field of view of a large telescope is surprisingly impressive 

I? about the twelfth magmtude, but others are of the fourteenth and 

4 -b ^ ^ T' seems to be a well-marked division between the magnitudes, 

Pi^ohably giants and the fainter ones dwarfs A study of the spectra 
of these stars confirms this conclusion, as the brighter ones axe of the solar type, probably on the 
upgrade of temperature, while the fainter ones are of the hydrogen type A well-marked 
en ency or t e stars to he arranged m curves h^s suggested that the globular clusters had 
eir origin in spiral nebulae, but until we can find some connecting link between these globular 
5 ar orma mns an the thin spread-out planes of the spirals, we are on rather unsafe ground in 
awing sue usion The largest and brightest Globular Cluster m the whole sky is undoubtedly 

M ^r-ilhant object has been photographed at the Cape by Sir David Gill and by 

ran in ams, and a photograph of it is reproduced on page 532 We cannot be wrong 
in assigning to this cluster the position of greatest proximity to the Solar System Shapley m Ameiica 
s own a ere is a definite relation between the angular diameters and the magnitude of the 
A X. therefore groups the clusters according to these characteristics 

1 ^ second only to (o Centaun m the southern sky, is that in Toucan, 

near the lesser Magellanic Cloud, desenbed by Sir John Herschel as a mass of white central stars 

in been home out by later observation, and Miss Agnes 

er e says a in 888, when she saw the cluster with the large refractor at the Cape, " The sheeny 

a ance o is exquisite object appeared of uniform quality from centre to circumference '' A very 

e\ raor n^y c aractostic of some of the globular clusters is the number of short period variable 
s OTin erem These stars are of the class knovoi as the “ Cepheids, ’ ’ and their vanation between 
^imnm an minimnm takes place m a few hours, seldom as long as a day They will be dealt 

chapter on “ Vanable Stars,” but as they have been taken as a entenon 

or ]U ging IS ances and the scale of the globular clusters, a few words of explanation here will 
0 e ou o pace The vanabihty does not he only m brightness, but also in the intensity and 
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displacement of lines m the spectrum, so that it is \eiy unlikdy that the change in brightness is due 
to an occulting star, as in the case ot Algol, and a much more probable explanation is that the \ aiiation 
in light IS due to pulsations ot ladiation m the star itself (dood leasons have been gi\ en fiom a study 
of the brighter Cepheideaiiables, loi the conclusion that they lepn&tnt a diametei, surface biightness 
and temperature of a paiticular degiee, which \aries only with the star’s period ot hght-tlunge 
Their absolute magnitude as it is called may theielore be deduced from this teatiirc, and it we accept 
this reasoning to its tull conclusion, we can intei the distance of the stais and theretorc of the globular 
clusters containing them Not all of the globular clustcis have been found to contain lepheid 
variables, but some are veritable nests of them, that in Canes Ven.itici (Messiei ,3) containing 132, 


NLi:BtTI,OUS Rl<(,roX vSURR()UVI)I\(, r\ \R(,US 
PHOrOGRXPHI D WITH IHli VICTORIA. IIvIU SCORIv OI- IIII, CAlTc OH,SHR\ALOR\ IX I8'l' 

southeiu sk>, IS .me ot llw UrRcsl .,1 the uuKutii i-ikulK iicbul.c Su Jehu IIcisUilI luv 
details ot visual observations which point to vaiiabihlc in the put immuluitclv simouiidnig the st.ii J>holoKiaphv^w 

111 time pio\c or dispitnc cUi\ su^pccRtl van iliilit} 
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beiBg one in seven of the total individualised stais studied in the photographs The discovery of 
these vanahle stars is largely due to the work of Professor Bailey, of Harvard College Observatory 
The question of the distribution of the globular clusters in the sky has been the subicct of 
important work in recent years Mr A R Hinks, while assistant at the Cambridge Observatory, 
pointed out that the globular clusters were concentrated with few exceptions in one hemisphere 
of the sky He based his conclusions mostly on visual work, but these were confirmed by Melotte 
m an examination of the Franklin Adams photographs of the whole sky These photographs do not 





and smaller 
clusters definitely 
as such, and a 
ccitain number of 
these were added 
to the list by the 
systematic photo¬ 
graphic work of 
the Lick and Hel- 
wan Observa¬ 
tories These 
smaller clusters do 
not, however, 
affect the general 
conclusion that 
they he almost en¬ 
tirely in one hemi¬ 
sphere The pole 
of this hemi¬ 
sphere lies on the 
Galactic Equator 
(t e , the great cir¬ 
cle of the Milky 
Way) in galactic 
longitude 320"" m 
the constellation 
Sagittarius 11 
can hardly he a 
coincidence that 
this IS m the same 
region as the 
greatest conden¬ 
sations of stars in 
the Milky Way 
The star clouds of 

■1 .1 u m 1 Sagittarius are so 

dense with stars that the individual star discs are inseparable on the Franklin Adams plates, while 

m the antapex (the region of the Milky Way 180“ away m Auriga) the stars are comparatively 
scattered The whole question has been discussed exhaustively by Shapley m the Mount Wilson 
ontributions, and he comes to the conclusion—which has a great deal to be said for it—that our 
Solar System is not near the centre of the Galaxy, as had previously been supposed, but that we are 
eccentrically situated m the proportion of four to one, the pole of the star cluster hemisphere being 


lllli: NUBUIyA H V 28, N G C 2024- IN OHION PHOTOGRAPHED WITH THE THIRTY SIX 
INCH REFLECTOR OF THE WK OBSeWtoRY 
A cloud of gaseous nebulosity near the most easterly star m Orion’s Belt, r Ononis The rays of 
this star are not real, but diffraction effects fonned by the supports of the 45 degrees plane mirroi 
of the refiectoi A star sui rounded by nebulosity is also shown below 
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PHOTOGRAPHS 0I< THE ORION NEBULA WITH IHI* 
THIRTY-INCH REFEECIOR OR IHE HEEWAN 
OBSER\ ATORY 

The two upper photographs arc images of the nebula in 
ultra violet light at wave-length 37 J7, and in the hydrogen 
radiations respectnclv The lower photograph is an 
unscreened exposure in which all the gaseous radiations 
appear The clifferenci between the two upper photographs 
IS c\sil> seen 


actually the direction of the centre of the Galaxy 
This does not necessarily invalidate or conflict 
with the results of Kapteyn and Eddington, if 
wc make the reasonable assumption that the 
two star streams are a more or less local 
phenomenon in the stars immediately surround¬ 
ing us 

THE NEBULA 

It has been recognised for many yi ars that the 
Nehulse are to be classed in two great divisions, 
the galactic (gaseous and diffuse) and the spirals 
The gaseous are again to be divided into two 
classes, the irregular and the planetary The 
irregular gaseous nebulae are usually found in and 
near the Milky Way m association with stars of a 
considerably higher temperature than the Sun, 
while the larger planetaries sometimes appear 
at a considerable distance from the Milky Way, 
and are almost invariably connected with stars 
of a still higher degree of temperature, in fact 
the nuclear stars of the planetaries are estimated 
to have a surface temperature of something like 
30,00(>X, against the Sun’s 0,000°C In these 
gaseous nebulae we are indeed dealing with matter 
in its simplest forms, under conditions which 
can rarely be obtained in our terrestrial labora¬ 
tories Recent physical work in which this country 
has taken no mean part, has taught us a great 
deal of these ultimate forms of matter Not so 
long ago, the atomic structure of matter was 


regarded rather as a theoretical speculation than 
as a reality, but to-day it is fully accepted, and the normal atoms of elements with nuclear 
positive charges and an equivalent number of negative electrons are arranged in a table known as 
the scale of atomic numbers We must imagine each atom to consist of a positive nucleus 
surrounded by negative electrons, equal in number to the charges contained in the nucleus 
The most primitive form of all is hydrogen, which has a nucleus of only one positive charge, with 
one attendant electron The atomic weight of hydrogen is not unity as might be expected, hut I 008 
when it IS not in combination with other atoms Next in order comes hehum with two electrons, 
two positive charges in the nucleus, and an atomic weight of four, and so on As the gases to be 
found in the nebulse are in all probability those appearing in the first eight numbers of the atomic 
scale, a table of these elements is given below 


Element 

Hydrogen 

Hehum 

Lithium 

Beryllium 

Boron 

Carbon 

Nitrogen 

Oxygen 


Atomic 'number 
1 
2 

3 

4 

5 

6 

7 

8 


A iomic weight 
1 008 
4 

G 94 
9 

10 9 
12 
14 
16 
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But under the stress ot extieme tempeiature conditions the atoms of the elements do not <ilways 
retain their normal number ot electrons, and the physical state known as ionisation is reached This 
state is one in which the atoms have lost one or more electrons, although the positive charge of the 
nucleus lemains constant The element then gives a ditterent spectrum, new lines appearing, and 
the original lines eithei weakening or disappearing altogethei We hnd in the spectra of the gaseous 
nebiike many lines which cannot be identified with atoms ot elements m then normal state Iwo 
of these are usually \ery conspicuous, appearing in the blue-green part of the spectium at wave¬ 
lengths 5007 and 4959 The formei of these was the first to be obseived by Sii William Huggins in 
18()4 At that time nothing was known as to the nature ol the gaseous nebula, although it had been 
obsci\cd that they appealed ol a greenish or bluish tinge in the telescope Since his epoch-making 
discoveiy a gieat deal of work has been done, especially in America, m identifying the blight hoes 
m the spectia of ncbiiLe, and m fixing the position of various unknown lines in the spectra Hydro¬ 
gen radiations w^re almost mvaiiably loiind to he present, and helium was also identihed On the 
othci hand, strong unknown lines also appealed, and it was thought until qmt( recently that these 
lines represented unknown gases in the same sense that he hum was unknown until Su William Ramsay 
identified the gas m the laboiatoiy But we know now horn the formation oi the scale of atomu 
numbers, and the great work of modem physicists at ( ambndge and elsewhere, that there is no lOom 
m this scale for any more unknown gases ol light atomic weights, and we must look m the direction 
ol ionisation of known gases lor the identification of these unknown hues hliioiesccmce, or tlu* 
degrading ot ultia-violct light, has been also suggested <is d possible caiisi' A stiiri has already 
been made by Piofessoi Fowler, at South Kensington llune is a well-known ladiation appealing 
in planetary nebuhe at wave-length 4()8() in the blue legion of the spectrum which also appears m 
the spectrum of the hottest stars Professor bowlei found Unit tins nidiation was given oil by ionised 
helium, that is a helium atom still having two positive charges m the nucleus, but having lost one 
ot its two electrons owing to gieat physical stiess It is significant that this toim ol helium only 
occuis near the star itself, thus showing that the ionisation only takes place' wheie the radiation Irom 


the stai is at 
d maximum 
riici e are 
many othei 
radiations 
which we can¬ 
not assign as 
yet to their 
propel ele¬ 
ments, some 
strong, and 
others faint, 
but we will 
only de al \\ ith 
one which lies 
at wa\e-length 
3727 m the ul- 
tra-\ lolct part 
of the spec¬ 
trum This 
IS, of course 
beyond the 



AN UARIvY DRAWINC. Ol’ 1 IIlv ORION NIvlU.JvA, i’ROM illlv llARl \R1) COI.UvC^: 


range of the OBSivRVAroRV 

Lc>ini)arc tins with the full page photograph ol this Nebula on page ^5 I Ihc bnght tiiaiigul.it poiiion 

eye, wfiicn 

IS, however, hettei leiideied than in the photogi iph 







THE DUMBBEEI. NEBULA N G C 6853 IN VUEPECUEA PHOTOGRAPHED WITH THP 
THIRTY SIX INCH REFLECTOR OF THE EICK OBSER^ToIy ' 

It's photograph, :s well shown with 

w.th nov/m the; later s ajes and th^^L^r^o^loft^^^ These planetary nebula have great affinities 
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can only rcdcli, about wavc-lcn^tli 4(K)() in tlic incligo vioKt As Sir William Huggins was the 
first to see tlie stioiig ladiation in the gicen already mentioned, so ht was the hist to pliotograpli 
this strong radiation in the ultra-violet in the Orion. Nebula Tt is not loiind in all nebiild, and 
there is reason to think that it is not dependent on intense htat for its appearance, as it invariably 
extends to legions fai lemoved fiom the stars m all the neliuLe wheie it is picsent When a direct 
photogiaph ol a nebula is taken at the focus of a reflector, the resulting image is a combination 
of all the gases contained in the nebula, and m the case of a small nebula photographed with a slitless 
spectroscope, sepaiate images appear ranged along the spectrum m the vaiious wae e-lengths We 
can thus judge of the distribution of the various radiations ol known and unknown oiigin which 



Photo by] \Mat Wolf 

SPJ^LIKUM Oh IHlv DUIVIH nivU. NlvBUpA Nt.e(>S5} 

1 his IS a giscous emission &i)cctruin oil i f iml coiilnnious liackgiounU Jlic hvchomii luliitioiis Igi, y md uc (iiuU 
clistnict IS well IS sevei il ladiitioiis ol unknown oiigni flic wave lengths ol the kitlci iie givt.ii 

appeal m the spcctium of a particuLu nebula But when we are chhilmg with a Luge object of the 
angular size of the Orion Nebula, the images would overlap to such an extent that the slitkss spec tro- 
graphic method becomes valueless Anotlui method to asccitam tlu‘ clistiibution of ladialuig gases 
has been devised to deal with the Onon Nchmla and similai objects Fhe spectrum is already known 
to consist mainly of the two wave-lengths 5007, 4959 , the hydiogcn radiations m the blue and 
violet known as Hp, Hy, and HS, and the strong single radiation at waec-lengtli ^^727 By using 
suitable colour filters and plates, the first two divisions can be suifieicntly isolated to say that the 
negatives obtained represent the images m XX5007, 4959, and the hydrogen ladiations flie ques¬ 
tion of isolating the radiation A3727 is, however, more difficult Among tlic aniline dyi s, one, known 
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TlIIv NUBUIy*^ N(»C7J^i IN A.QU\RILTS 

phoiographed ^vnu ihe ihiriy six-inch 

RElXr.CXOR OF IHb I,ILIv OBSERVATORY 
This IS a gaseous nebula of the pi inetaiy class, based on the 
eentral slai, winch is ol vei\ hicjh temperature It possibly 
oMes its helical appeaiauce to two successive outbursts, is 
two ovei-Upping shells of gas are picseiit 


by the rathei imposing title ot nitioso-di-nit thyi 
cinilme, allows thi ultra-\ lolet part ot the spectrum 
to be transmitted, at the same time considei ably 
weaktniiig the blue in the visual spectrum But 
a glass containing nickel oxide makes a much 
better filter for tip' particular radiation X,M27, 
foi it cuts out all the visual spectrum except the 
txtieme red, and transmits almost three-quaitors 
ol X1727 This was the method used by the 
writer to investigate the distribution of tlie thiec 
gioiips in the Orion Nebula Two ol the photo¬ 
graphs illustrating the dilference between the 
hydrogen and X3727 radiations arc lepioduced on 
page 552 We can sec at once that the hydiogcn 
image is neither so widely distributed noi so bi iglxt 
in the outer regions as the other, and eeilain 
differences of detail can also be distinguished 
This quite clearly proves that the great plioto- 
giaphie brilliancy of the Orion Nebula is not 
due to hydrogen so much as to the stiong ladia- 
tion X3727 of unknown origin What tie pent it 
actually represents is one of the most inteii sting 
questions the astrophysicist has to deed with, 


for it must be a gas of extraordinary lightness to 
be swept away to such an enormous distance fiom the stars involved in the nebula, and yet hydrogen 
^ the lightest gas possible, consisting, as it does, of one positive charge and one negative oketron 
The other unknown radiations-hX5007 and 4959 in the green-are strongest in the central portions 
of the nebula, and there is no difficulty in assigning these probably to an ionised form of om ol tlu 
heavier gases-carbon or nitrogen Certain lines in the spectra of nebuhe have, indeed, alicady In cn 
Identified with these elements in their normal form 


The whole legion siiirounding the Orion Nebula contains vast clouds of non-luminous matter 
An excellent example ol thib is given in the wonderful photograph of the region near the star ^ Ononis 
reproduced on page 47 Here one -half of the held oi the photograph is almost devoid of stais, those 
that do appear being compaiativcly bright with patches of nebulosity This lack of stars is ev idently 
owing to an extended cloud ot obscuring mattei, which effectually blots out the stars hi hind 
Along Its edges appear filaments ot nebulosity with a conspicuous projection, like a blot of ink also 
illumined round its edge These filaments represent the edge of the cloud, and we can infer without 
miic on t the existence of many brilliant stars in and beyond the cloud which are totally iii\ isiblo 
the light IS transmitted, just as the edge of a terrestrial cloud is lit up by Hu Sun 
ehind Beyond this illumined edge we look into the clear regions of space, where the fainter and 
more distant stais are seen in the usual profusion Thcie are many of these dark obscuring clouds 
m and near the Milky W'ay, to which altcntion was first drawn by the American astronomer h E 
Barnard, who obtained surprising results with a camera fitted with a large lens of short focus used 
in the early days of photography tor portraituie Oi recent years special attention has been dn ccted 
to these areas by H N Russell and Hubble at the Mount Wilson Observatory, and the interdependence 
of stars and nebulosity strikingly confirmed A question of exceptional interest is the origin and 
nat^e of these gigantic clouds of dark matter In the early days of the present century, Piotcssor 
^ ^ oynting, Irofessor of Physics at the Birmingham University, dealt with the pies-,uic 

TTf^ tnlhant light source on finely divided matter in the form of dust, and he showed 
that if the particles weie small enough to be comparable in size with a wave-length of yellow light 
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the light presume would be guatei than the gnuitation*il force, and the paiticks would then be 
bwept a^\ay from the light souice if the lattei ^^ele' of the same oidei of biilliance and sinface 
temperatiiie as the Sun He applieel this pnnciph to the" sweeping <iway of the coinetaiy matter 
from the Sun, and he thus explained the wall-known fact that the tails of comets <ilwa;^s extend m 
a elirection away fiom the Sun As both the light piessuie and tlie gia\itational foree \aiy as the 
iiiveTse square of the ehstance, it follows that if onee the light souice isbiilliant enough to oeeucome 
the gravitational force it wall continue to do so as long as the si/e ot the ]xiiti(le is snuill enough, 
and it IS not shielded by otheis This upulsue foiee mheient m the st<iis \eiv mueli incieases wutli 
the temperature, m tact it xaiies as the tointh powei oi the teinpeiaUiu, so that the piessine oi light, 
or rathei as it should he put, radiation ])ressuie in stais such as those in Oiion with a spe"ctiiim of 
hydrogen and hedium absorption lines is ineieased to 10b times that ol gia\ itational attiaetion It 
IS clear that this supplies us with a (jiiite ade(|uaU e\])lanati(m foi lliese^ eosmieal edoucls ol dark 
mattei file total ladiatioii 


piessure from stars and stai 
clusters in the densei ])ai is of the 
Milky Way would be‘ quite 
enough to aceoimt toi minute 
paitides being swept away horn 
the neighhomhood of the stais 
into interstellai space wheie 
they would tend to coiigiegate 
«ind produce the gieat clouds 
ot dust which we know exist 
as dark nebuLc Whe rc a 
bright star is near the cloud, the 
light ot the star illuminates 
that part ot the cloud neaiest 
to it, and we get a nebiiLi ot 
iriegulai foim siiirounding tlie 


stais A paiticularly inteie sting 
case ot a dark nebula, associate d 
with stars and bright nelin 
losity, IS atfoided by the ie‘gion 
of the \aiiabk stai R Coionae 
Austi tills in the southern hemi¬ 
sphere of the sky \ photeigrapli 
of this region is leprodnced on 
page 548 Here we have not 
only an irregularly variable 
star, but also a \ariabk nebula 
attached to it, something similar 
in appearance to a comet’s tail 
This variable nebula, obseived 
first of all by Di Schmidt at 
Athens forty years ago, has 



been the object of a long semies iiii pi.xNivi xrx^ NieBuiA ii j\ 27, x (rC \2U jn iivdra 

of photographic observations by i’noi(3(,KXi>iii d wiiii^rniv ^iiiiu\ six^^ixeii uiiiqeioK oi iiiii, 

Mr Knox Shaw at the Helwan Ihcsc two tvposuics of one nnmitc md ten nimutts nsptUivdy show how tht 

Observatory in Hgypt When nmci md Imj^htci <ktails .ne obscuitd In ovci cvposmc riic bnjjflit nucleus is 

, , , a star uf hii?h tempei iture llicic is i distinct bU}j;)j;esti()n ol i idiation pressure in 

the light of the star sinks to a the dusky img sun.amdmg the nuckns 
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nummum, the light of the nebula fades practically to extinction When it rises to a maximum the 
nebula graduaUy becomes visible again, but it never assumes exactly the same aspect as at previous 
bnghtenings We cannot be far wrong in concluding that the star is passing through the cloud of dark 
matter which is already known to exist from the almost entire absence of stars in the region and that its 
vanabihty is due to its encounter with the denser portions of this cloud As the spectrum of both 
the star and the nebulosity is of the same type, includmg bnght hydrogen lines, it is practically certain 
that the nebulosity becomes visible by reflection from the star, and in the giadual extension of 
Illumination from the star, we are observing the passage of hght from the star at the rate of 186 000 
miles a second This gives ns a fairly reliable estimate^of the distance of the object which Hubble 



Th. ™CTOR OF THE SIXTY-lNCl 

theptoetanes and>e irregular, and coatairr 

Iuvest.gat.ons at 

c auggcstea a probalDUitv of radiating motion in this nebuls 


puts at 300 light- 
years Although 
the edge of this 
cloud is not illu¬ 
minated in the 
same way as that 
near Z Orionis, yet 
its limits are readi¬ 
ly seen from the 
number of faint 
stars, including a 
star cluster which 
appears on the 
right-hand top 
corner of the plate 
We will now 
pass on to the 
other class of 
gaseous nebuLe— 
the planetaries 
Here we have a 
central star sur¬ 
rounded by a lu¬ 
minous disc or 1 mg 
usually of very 
complicated struc¬ 
ture Illustrations 
of two of the 
best-known ex¬ 
amples of these 
types have already 
appeared—the 
Owl Nebula (page 
135), and the Ring 
Nebula in Lyra 
(page 127) There 
are two others of 
this class which 
are of even larger 
diameter One 
is the so-called 
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“ Helical ” Nebula 
in Aquarius, which 
IS shown on p 556 
from a photograph 
taken at the Lick 
Observatoi}, the 
other IS the well- 
known ‘‘Dumb¬ 
bell Nebula in 
Vulpecula There 
IS anothei nebula 
bearing a i esem- 
blanc(‘ to the plane¬ 
tary class in some 
respects, and to 
the inegulai gas¬ 
eous nebiiLe in 
others which is 
known as the 
“ Crab " Nebula 
It would be a mis¬ 
take to suppose 
that the “ Ring " 

NebuLe aie really 
annular in form , 
if the\ were, we 
should not sec 
th<'m all as cir- 
culai <)i slightly 
elliptu lings, but 
th(‘ir normal ap- 
pear.Luee would be 
“two to one" 

ovals owing to the \nnuiar nkhma ii ivi.i, n(, o ()8iu in cyonus piioToc^RAPinu) wmi 

law ot a\eiage dis- iHK aiiiRiY six-iNur RHPiyPxroR of tiik X4Ck obshrvatory 

tnbution ol angles ^ icalh 11 mg, but u hollow Spluu ()11 uhating g is, Hit iiiig c Ifct L being tliK to pcisptciive, 

aid the heaping up oi luiuiuous g<is lu the Inu. ol sight 1 he ccniral stdi is thought to bt the ougiii 
ine^’" inilsl actu- of the nebuli, and like, all ecuti«il stusol the phiuctaucs, it is of very high stufacc tunpcnituit, 

ally be shells of 

lummous gases, the annular aspect being the uMilt of ])erspectivo and the lumping U]) of luminous 
material m the line ot sight All ring nebuLc show some hlling up of the ring when long exposures 
are gi\eii, and everything points to the constitution of these objects as being spheucal or elliptical 
shells suiroundmg the cential stai There is thus no leal difference between the “img“ nebulae 
and the planetaries, the lattei often consisting of many rings superimposed The actual sc ale of 
these objects is sufficiently imposing , at the least, the larger ones must exceed the orbit of Neptune 
seveial times, and until recently we knew nothing of the causes which would kec'p these enormous 
bubbles of gas m being The extended researches of the Lick Observatory on planetary nebuhe liave, 
howevei, at last given us the clue Mention has already been made of the high temperature ot the 


central stars in the planetaries They are all of the class known as Wolf-Rayet, or “ 0 “ type stars, 
their spectrum being remarkable for the presence of ionised helium usuaUy as bright bands, but 
sometimes as absorption bands Undei the influence ot these transcenclant temperatures, disintegra- 
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tion of the more complex atoms to simpler forms probably tabes place, and the radiation pressure 
sweeps away these gases from the neighbourhood of the stars in the same way as wc ha\e seen that 
fine dust is expelled When a certain distance is reached, depending on the surface temperature of 
the star, and the atomic weight of the gases, an equihbnum between gravitational force and radiation 
pressure is set up, and the result is a more or less stationary shell of gas, shining probably by the 
excitation of negative electrons which the star is perpetually pressing into the surrounding space 
A confirmation of this view is afiorded by the character of the lines in the spectrum of one of the 
planetary nebula These lines were photographed under high dispersion with the giant refractor 
of the Lick Observatory, and under magnification are seen to be broadened out in the middle and 
slightly curved m opposite directions at each end If we are to interpret these features on the 
Doppler principle, then the broadening of the lines means that the gases are both approaching and 



receding, 
coupled with 
# a slo\\ lota- 

tion of the 
ga'^eoiis shell 
We thus luive 
very decided 
evidence that 
some of the 
planetary ne¬ 
bula arc still 
expanding 
This brings us 
to a compari¬ 
son ot those 
^ objects with 

tern porary 
Stars or nova 




Ihe gencTcil 
chaiactei of 
nova IS dealt 
with 1 11 
the next chap¬ 
ter of this 
work, but 
there is so 
much in com¬ 
mon between 
these and the 
plane taiy ne¬ 
bula that 
mention must 
be made of 
them here 


1019, December 27 


1920 March. *^3 


When the out¬ 
burst of a nova 
first takes 
place, the 
spectrum i s 






NTJCIvEUS AND CENTRA!, PORTION OF THE ANDROMEDA NEBULA, PROM A PHOTOGRAPH OBTAINED AT 
THE MOUNT WILSON OBSERVATORY WITH THE) SIXTY-INCH REFEPXTOR 
This IS the largest spiral nebula (m angular size) m the whole sky, and covers two square degrees , it is also m all probability 
the nearest The two spiral arms issue from two diametrically opposite points in the nucleus, which greatly increases in 
brilliancy to a central point It was in this nucleus that a temporary star of the seventh magnitude appeared in 1885, but the 
stars appearing in the photograph are galactic stars and probably have no connection with the nebula 
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crossed by absorption lines which are usually assigned to stars of a type between the helium stars and 
the Sun In addition, bright lines of hydrogen appear much broadened, and mdicatmg high velocities 
of recession and approach The earher stages of spectra are very complicated and difficult to explain, 
but ultimately, as the purely steUar spectrum gets fainter and the light of the star diminishes, so a 
gaseous spectrum resembhng those of planetary nebulse makes its appearance In the case of Nova 
Aquilae III, the brilhant new star of 1918, an expanding gaseous disc has made its appearance, and this 
nova IS now a minute planetary nebula We have, therefore, conclusive evidence that a nova may some¬ 
times actually pass into the condition of a planetary nebula A very sigmhcant feature m the latter 
stages of novae is the development of the " 0 ” type of spectrum as the star fades This must mean, 
actually, a higher surface temperature of the star than when it was at its greatest brilliancy It 



A SMAIJ, SCAhE PHOrOGHAPH OP TB® REGIOfr 
CQNTAINING THE TWO SPIRAI, NEBUllE, M 81 AND H 82. 

f IN URSA MAJOR, BY DR ISAAC ROBERTS 
The hazy disc on the top right-hand side is a good example of the 
“globular” nebulae which are probably the nuclei from which the 
spiral arms axe formed 


seems therefore that the first effect of 
the outburst must be a great develop¬ 
ment in the diameter of the nova rather 
than an extreme surface temperature, as 
the type of spectrum shows that this 
comes afterwards in the gaseous stage 
The view that the planetary nebulae 
had their origin in outbursts of novse 
in past ages^ although by no means 
universally accepted, is the only one at 
present which gives a rational explanation 
of their origin An objection has been 
raised that if this were so, we should 
expect to find many more planetary 
nebulae than we actually do, for novae 
are by no means so rare as a list of the 
brighter ones only would lead us to 
infer The answer, to this is that the 
planetary aspect can only exist with a 
central star of the highest scale of surface 
temperature, and a corresponding radia¬ 
tion pressure If and when the tempera¬ 
ture falls below a temperature of about 
15,000°C, the radiation pressure would 
not be sufficient either to keep the shells 
of gas in equilibnum or to illuminate 
them, and the nebula would contract 
and finally disappear This is probably 
one of the reasons why many planetary 
nebulae have only minute discs, or in 
some cases no apparent discs at aU, 


^ being classed as planetaries only because 

of the gaseous tjme of spectrum, they give At any rate, diameter is not the only criterion 
of distance cases We may go further, and question whether the other gaseous nehulie 

did not have origin in past outbursts The Nebula in Onon has every appearance of 
being swept a^^pifrom the central region containing the stars of the trapezium (6 Orionis), 
and possibly the enormous masses of hydrogen and other gases which now form the nehula 
had their origin m the stars themselves In the early days of nebular observation and of 
Laplace’s Nebular H 3 Tpothesis, it was beheved almost umversahy amongst astronomers that the 
nebnlse generally were the pnmeval matenal from which the stars and planets were evolved But 




THE SPIEAE NBBUEA M 81 (NGC3031) IN URSA MAJOR PHOTOGRAPHED BY O W RITCHEY WITH 
THE SIXTY-INCH REFRECXOR OF THE MOUNT WIIySON OBSERVATORY 
This IS a good example of the partially condensed type of spiral, the outer regions of the spiral arms being broken up into bright 
nodules, some of which have an almost stellar character Dark irregular bands of absorbing matter appear on one side of 
the nucleus, but not on the other This is a usual characteristic of spirals inclined at angles under 30 degrees to the line of 
sight and is most probably an indication that this side is towards us 
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all recent research is m favour of the exactly contrary hypothesis, that the gaseous nebulae are the 
product of intense temperature conditions which cannot arise apart from stars or othei bodies giving 
a stellar type of spectrum The origin of stars and planets is much more likely to have been local 
concentrations in dust clouds This does not really carry us much further, for these dust particles 
must m themselves have been the product of the elements such as we know are to be found everywhere 
m the visible universe We are thus led round a circle which has no beginning and no end, a 
fundamental difficulty which it is very improbable will ever be overcome by the human mind 

THE SPIRAL NEBULA 

Sir William Herschel noticed in his telescopic sweeps of the sky that nebul<e appeared to concentrate 
in regions remote from the Milky Way and surrounding the North Galactic Pole But these nebulae 
were of a totally different type from the great irregular nebulae, such as that in Orion, and the plan- 
etanes They were compact, oval or round in shape, and usually much brighter up to a point in the 



SPECTRUM OF THE NUCLEUS OF THE SPIl^AE NEBUIA M 81, N G C }()J1 PnOTOC.RAPHEn BY PROIU^SSOR 

MAX WOLF, OF IIEIDlvLBia-lCr 

The type of spectrum is similar to that of the Sun, the two lines of hydro^^cn Cr and h (Ily ?x«d IlS), and the two c.ik um 
lines H and K are conspicuous The comparison spectrum on eich side is pio luced by a spark dischaij?c, and the niimbci 
of lines makes it easy to measure the position of the nclnilar lines 

centre of the ellipse or circle Others were much elongated, and often attended by what appeared 
to he another nebula, parallel in direction, sometimes of equal size, and som^tim^s smaller 
Many and curious were the drawings and engravings of these objects appearing in the time 
of Sir William and Sir John Herschel They had no idea at all what the real character of 
these extraordinary objects was, nor can it be said that we have any very certain idea yet, 
although our knowledge of them has been enormously amplified by photography Observers were led 
away by the supposed analogy of globular star clusters to assume that many of these objects could be 
resolved into stars if sufficient optical means were employed Where glimmering points of light were 
suspected, such nebulae were described as '' resolvable But it is only right to add that the existence 
of nebulosity which obviously could not be resolved into stars was fully recognised by both Sir William 
and Sir John Herschel Sir William described it as a luminous fluid the nature of which is unknown 
to us In the'sixties of the last century, nebular observation was taken up very enthusiastically by 
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Lord Rosse and his assistants A parabolic mirror of speculum metal, six feet in diameter, had been 
constructed and mounted at Birr Castle in Ireland The mounting was very crude according to 
modem standards, and yet one of the most important discoveries ever made in nebular observation 

.- was effected by the 

light grasp of this 
instrument Lord 
Rosse announced 
that he had ob¬ 
served a spiral 
arrangement sur¬ 
rounding the nuclei 
of certain nebulae, 
and he also 
thought that in 
some cases he had 
resolved these 
spiral arms into 
wreaths of stars 
The fif st announce¬ 
ment has been fully 
corroborated by 
photography, but 
the second has not, 
although there is 
a very natural ex¬ 
planation of his 
observations to 
which we shall re¬ 
fer later It was 
to Dr Isaac 
Roberts, an Eng¬ 
lish amateur, that 
we owe the photo¬ 
graphic demon¬ 
stration of the 
reality of the 
spiral formation of 
certain nebulae 
By long exposures 
up to three hours 

THE “EDGE-ON” SPIRAJC NEBUTA NGC891 PHOTOG!RAPTTT?''n ■wtttt 4 . 1 ^^ -l 1 -i 

ONEHUNDREDINCH WTECTOR OFTHEMOTNTWI^OT^BS^vrTc?^ 

This nebula is ten minutes of arc in total diameter, and the centrally situated band of absomtion shows OUtside the Milky 

‘'j-s my 

matter lies nearer to the nucleus 

vatoty f o^d on the plates containing the large spirals many small nebula of round or old f orm'^wS he 
concluded were also spirals at such distances that their spiral form could not he identified This hm 
to make certain calcidations as to the number of spirals m the whole sky, and by taking certain regions 
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as representative and counting the number of nebulae, small and large, he arrived at the enormous 
number of 2,000,000 This result is certainly a great over-estimate, for it is now known that the 
distribution of spiral nebulae is very unequal in different pails of the sky, and one-quarter of the galactic 
sphere contains only about a dozen of these objects Besides this, there is no good reason why all the 
nebulae appearing on the plates should be classed as spirals, although they arc no doubt not of the 
gaseous emission class They often appear as small structureless round or oval formations, with a con¬ 
centration of light in the centre, and we should probably be much nearer the mark if we considered 
them to be the nuclei from which spiral arms have in some cases been evolved Although the term 


“ glo bu- 
lar ” nebu¬ 
lae IS as old 
as the Her- 
schelsTime 
and was 
sometimes 
applied to 
globular 
clusters, it 
has now 
been adopt¬ 
ed as a good 
description 
of thesenu- 
clear nebu- 
ke Among 
the small 
round and 
oval nebu¬ 
lae there 
often ap¬ 
pear one or 
two long 
thin objects 
usually 
broader 
in the mid¬ 
dle These 
are small 



examples 
of the 
spiral ne¬ 
bulae in 


THE SPIRAI, NEBUEA N G C 1068 PHOIOGRAPHED WITH THE TIIIRTY-SIX-INCII 
REPEHCTOR of TirE mCK OBSERVAIOI-IY 

This spiral nebula is ranaikable for its spectrum, which shows slxoiiff emibsion lines of hydrogen and othar 
gases, superimposed on a steUai type of spectrum The displacement of the blight lines coiresponds to 

the enormous velocity of 1,800 km /see 


which the plane of the spiral arm lies m the line of sight, they are therefore sometimes called 
“edge-on” spirals The appearance of this thin plane in the line of sight carries with it the 
conclusion that the spiral arms have developed in such cases The variation in apparent size 
between one spiral nebula and another is very great The largest in the sky as the Great Nebula in 
Andromeda, which is 135' X 45'm diameter, and covers over two square degrees The smallest 
range down to 30", and possibly less, and we must take the angular diameter of the spirals 
broadly as a criterion of distance in the same way as the magnitudes of stars are taken as a rough 
criterion of distance A comparison of an old drawing of the Andromeda Nebula made from visual 
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observations with a photograph taken in America with the twenty-four inch reflector of the Yerkes 
Observatory has already appeared on page 55 The photograph makes a beautiful picture and we see 
at once how the dark lines which seem to have no meaning in the drawing, are shown to have a very 
defimte meaning in the photograph Two other smaller nebulce appear on the plate , one of these is a 
good example of the globular nebulae This great nebula is unusually close to the galactic equator, 
and a number of stars appear in the photograph which are undoubtedly of galactic origin, probably 
having no connection with the nebula We must not think, however, that the Andromeda Nebula 



THE NEBULA H I 163 SEXTANTIS, N G C 3116 PHOTOGRAPHED WITH THE 
THIRTY-SIX-INCH REFLECTOR OF THE EICK OBSERVATORY 
The largest example m the sky of the lenticular nebulae which are required by Dr Jeans’s theory 
of spiral development It is seen edge on, as if m section, and no spiral arms have yet been 
produced, although from its outline it is apparently at the critical stage of rapid rotation 


ever actually ap¬ 
pears like the 
photograph repro¬ 
duced, either to 
the eye or in a 
photographic nega¬ 
tive The details 
are all faithfully 
reproduced both in 
dimensions and 
position, but their 
brightness has been 
enormously exag¬ 
gerated by photo¬ 
graphic manipula¬ 
tion, so that the 
actual light values 
brought out on the 
negatives have 
more or less dis¬ 
appeared The 
outer regions are in 
reality excessively 
faint, so that a 
long exposure is 
necessary to make 
them visible at all 
on a rapid plate 
on the other hand, 
the central portion 
is quite bright, and 
becomes over-ex¬ 
posed before the 
outer regions affect 
the plate The 
actual nucleus is 
circular in form 


with a great bnghtenmg up to a central point, a photograph of the nucleus and central regions 
of the nebula is given on page 561 The nebulosity of which the nucleus and all except 
the outer whorls are composed is filmy and structureless , both to the eye and on the photographic 
plate no difference can be discerned between this type and the gaseous nebulosity The real difference 
hes in the type of spectrum, for m the Andromeda Nebula, there are no emission Imes of hydrogen 
or other gases, but a continuous spectrum rf stellar type crossed by dark absorption hnes similar 



suggestive of lummous dust, and is thus in agrccintL^ mth appearnnct of this nebula is strikingly 

expelled fiom the Milky Way by radiation nrcssme nebula; originated in dust clouds 

r y oy rauiauon pressuie Iheie is an extiaordmaiy dearth of stars in this region 
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to those m the solar spectrum In the outermost regions a difierent type of nebidosity appears 
It IS broken up into small nodules and irregulanties, and has been called the granular type These are 
very much fainter than the nuclear regions but are definitely brighter than the external structureless 
nebulosity, and they are obviously condensations in the cool outer matter of the nebula ren ere visi e 
owing to the heating effect of such condensation These m turn show a tendency to form clusters o 
condensations, and it is quite certain that they are in an unstable state for what seem to be faint 
novje make their appearance from time to time m these outer regions We have no evidence at all as 
to the spectra of these novae, all we know is that what appear to be stars appear and disappear, and 
we must not push analogy too far in supposing they are of the galactic nova type which develop into 



Wolf-Rayet stars All the novae which have appeared m the Andromeda Nebula are not faint, for quite a 
bnght object of the seventh magmtude was discovered m 1885 near the nucleus It was most unfortunate 
that photography as applied to the telescope and spectroscope was so little developed at that time, for 
we should otherwise have got some extremely mteresting information as to the constitution of the 
novae appearing in spirals The spectrum was only observed visually, and the records of its appearance 
to the eye are very vague and unsatisfactory, but all the observers agree that the spectrum was not of 
the normal bnght hydrogen type, although several bnght bands of unknown origin were suspecte 
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No nova lias since appealed in spiral nebulae to equal 
this, and it is strangely overlooked in discussions on 
the distant universe theory of the spirals, which has been 
])ul foiwaid so strongly by Sir David Gill and others 
If the Andromeda Nebula were a distant galaxy com- 
])arabl<^ m size with our own, we could not put its 
distance^ at <inything less than 200,000 light-years 
But what order of real magnitude are we to assign to a 
star that appears to us as of the seventh magnitude at 
so remote a distance ? No nova ever observed would 
be in the least comparable to such a transcendant 
brilliancy, and its total and rapid disappearance would 
be still more strange Mention has already been made 
of tlu‘ solar type of spectrum which is given by the 
Androniedi Nebula What the true interpretation of 
this type IS in the spirals we cannot definitely say, but 
Dr ] H Jeans has treated the problem of spiral 
development mathematically as a gaseous one, and there 
IS no ])hysical reason for the assumption often made that 
an absorption type of spectrum is necessarily non- 
gaseoiis In a few examples, such as N G C 1068, 
the typc‘ of spectrum is more like that of the planetary 
iiebuhe with bright emission as well as absorption lines 
'riu‘ iibsorption type has, however, led some astronomers 
to the conclusion that all the spiral nebuLe are distant 
galixies of stars, although the nebulosity is texturelcss, 
and nlt('rly unhke the photographic appearance of a close assemblage of minute stars such as we 
often Imd in the Milky Way To get a good photographic impression of the spectrum of such a faint 

obu'ct as th(' Andromeda Nebula, it is necessary to make very prolonged exposures up to eighty hours, 

spread over 

several 
nights The 
remarkable 
feature of 
most of the 
photographed 
spectra of 
spirals IS the 
displacement 
of the dark 
absorption 
lines from 
their normal 
positions As 
a rule this 
displacement 
is towards the 
red, which 
normally 
would be 




I,ORD ROSSE 

Poitiait of Eord Rosse, whose six foot reflector, at 
Parsonstown, first revealed the spiral character oi 
certain of the nebulse 
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interpreted as a movement 
of recession from the Solar 
System Slipher, in Ameri¬ 
ca, has found such positive 
motions in the line of 
sight up to 1,800 km /sec , 
hut the usual velocities 
found are between 400 and 
600 km /sec, which, of 
course, axe very greatly 
in excess of the line of 
sight velocities of stars, 
which rarely reach 100 
km /sec Not all the line 
of sight velocities of the 
spiral nebulae are positive 
or away from the Solar 
System A little group of 
four in the South Galactic 
Hemisphere around longi¬ 
tude 80° and latitude 22° 
are negative or approaching 
us But this group in¬ 
cludes the two spiral nebu¬ 
lae of largest angular size 
in the whole sky, the 
Andromeda Nebula and 
M 33, which are also pro¬ 
bably the nearest It has 
been suggested that the 
large positive velocities 
are not real, but due to a 
displacement ef ect similar 
to that of the predicted 
Einstein displacement of 
the solar spectrum lines 
The great variation found 
between the various spirals, 
which have been examined 
for hne-of-sight displacements coupled with the fact that minus velocities do occur, seems definitely 
to dispose of this view A much more probable solution is that advocated by H N Russell 
in America and Professor Lmdemann in this country Reference has already been made to 
the dark nebulae and their ongin as clouds of fine dust swept away from the neighbourhood of 
the high temperature stars We may quite reasonably expect that such clouds would ultimately 
be expelled from the Mdky Way altogether by the combined radiation of the stars As the helium 
and hydrogen stars exert a radiation pressure on such minute particles, up to 100 times that 
of gravitational force, it is quite conceivable that velocities of 1,000 km /sec and naore would be 
attained by these clouds in a direction away from the centre of radiation pressure in the Galaxy 
The distribution of the velocities so far found with regard to the Galactic Equator and its poles is, 
in fact, not inconsistent with such a hypothesis When the clouds have attained some distance from 


THE SPIRAI, NBBUEA N G C 5194 /6 IN CAIU5S VEKTATICI PHOTOGRAPHED 
WITH THE SIXTY-INCH REFLECTOR OF THE MOUNT WILSON 
OBSERVATORY 

This wdl-known “ Whirlpool ” nebula was the first to show a spiral form in Eord Rosse’s 
great telescope He thought it could be resolved into stars, but although there are a 
great number of nebulous condensations, the star discs which actually appear on the 
photograph have no connection with the nebula 
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the plane of the Galaxy, concentration by mutual attraction would set up, involving a rise in tem¬ 
perature, so that ultimately the cloud would appear as a round compact nucleus shining by its own 
light We have the exact counterpart of such hypothetical objects in the sky in the globular nebulae 
We may in any case take these globular nuclei as the primitive form from which the spiral arms 
evolve to form such a spiral nebula as the Andromeda Nebula, or the much more condensed spiral 
known as the “ Whirlpool'' m Canes Venatici The theoretical side of the development of spiral 
aims liom a ccntial nucleus has been made the subject of an important work by Dr J H Jeans in 
his “ J^roblcms of Cosmogony and Stellar Dynamics Dr Jeans first starts with a spherical nucleus, 
which under the influence of neighbouring bodies in space and of its own concentration commences a 
slow rotation As the nucleus further condenses the speed of the rotation increases so that a flatten¬ 
ing of the poles takes place, and it becomes an oblate spheroid The still increasing speed of rotation 
liiuilly produces a sharp-edged figure, known as lenticular or lens-shaped, in which the ratio of the 
(‘(ludtorial and polar diameters is about three to one This is the critical stage of the nebula, as such 
a formation is essentially unstable A slight disturbance from outside sources is then sufficient to 
start a kind of tidal action, and two projections diametrically opposite to one another appear on the 
ecpiatoi of the nebula , ultimately nebulous matter is ejected into space at each of these projections, 




• • 







THE SPIRAL NEBUIyA N G C 2835 PHOTOGRAPHED WITH THE IHIRTY INCH REFEBCTOR OF THE 

HEEWAN OBSERVATORY 

An example of a foui branched spiral There are several condensations in the outer regions of this nebula which bear out 

Dr Jeans’s theoretical work on the spirals 
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and as the nucleus is always rotating, the matter assumes a spiral form known as an “ equiangular 
spiral ” under certain assumptions as to viscosity This is a purely theoretical account of the forma¬ 
tion of the spiral nebulae, based on mathematics, but there is plenty of observational evidence that 
Dr Jeans’s theory is well founded We should not expect to find many examples of the intei mediate 
stages in the sky, as these stages are unstable and short-lived Most of the nuclei destined to form spiral 
arms by rotation and tidal action would have already done so, and consequently by far the greatest 
number are either developed spirals or undeveloped nuclei Another circumstance bearing on the 
probable occurrence of these intermediate stages is the law of random distribution of angles over the 
whole sky It is evident that if the lenticular nebulie were observed from our view point at right- 
angles to the plane of rotation, they would appear circular, and only those in which the planes he 
in the line of sight would show their real form The theoretical average angle to the line of sight over 
the whole sky is thirty degrees We should on this account expect the lenticular form to be rarely 
visible as such There are, however, some nebulae which exhibit an undoubted lenticular outline such 
are the two objects N G C 3115 and 5866, and the more developed example N G C 4594 A curious 
feature in the further development of the spirals and of some lenticidar nebulm as well, is the presence 



THE SPIRAE NEBUEA N G C 1097 PHOTOGRAPHED WITH THE THIRTY INCH REFEECTOR OF THE 

heewAn observatory 

This IS the largest example of the S-shaped spirals yet photographed In these cases the spiral arms are not ejected from the 
nucleus, but from each end of a band of luminous material traversing the nucleus This type is specially common m the 
southern sky The nucleus with a short e^wposure shows an irregular disc something like a planetary nebula An elongated 
nebula of the globular type is to be seen, near the principal nebula 
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,uKku. {.<,.« Which ,, ,ts ,.u.phcry, which loims a kuid of absorption 

of ,t tlirk hn(' oi baiKl ot absoibing matter along the periphery of the disc It is vciy coiispiciious 
in ni.inv of fht spiral nebula: ’which appear “ edgc-on," and must be interpietcd as cool matter given 
oh at the edge of the rotating lenticular disc This absoibing band is al’ways present in the s^ral 
nobuUe which .ue imcondcnscd, but it gradually disappears as the condensed type is icachcd Ihis 
brines us to some lurther considerations as to the development of spiials riiosc of the typo of the 
spiral nebula M ()4 show no condensations into brighter nodules, and the light curve, if plotted across 
the central region, would be an almost continuous curve from zero on eacli side to a high peak in the 
centre where the nucleus comes But other spirals, such as the fine object M 81 in Ursa Major, while 
still possessing a very bright uncondensed nucleus, are broken up in the outer regions into separate 
bright condensations or nodules This phenomenon is also discussed by Dr Jeans he says “ It 
can be shown that along continuous jet of compressible matter issuing from a source could not 
remain of uniform Ime-density A configuration of uniform density would be unstable, and the jet 
would tend to form condensations or nuclei around which the whole of the matter of the jets would 
aggregate” This process of condensation in the spiral arms appears considerably advanced 
in some of the spirals, and the matter ’which is jperpetually leaving the nucleus and flowing along the 
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From KncmUdgi j j 

SIX SPIR-AX IN PHB NOMH OAr,A.CXIC HEMISPHERE PHOTOGRA.PHEI) 

WITH THE THIRTY SIX-INCH REFEECTOR OF THE TICK OBSERVATORY 


No 1 —^H V 43, N G C 4268, in Ursa Major, is of large angular diameter and has some striking 
nebular condensations m the outer whorl of the spiral No 2 —H II 730, N G C 3726, in Ursa 
Major, IS a much condensed spiral with a bright stellar nudeus No 3 —H lOO, N G C 4321, 
m Coma Berenices, is also an example of the much-condensed filamentous nebula, with a bright 
weJl-defined nucleus No 4—M 99, N G C 4264, in Coma Berenices, is so condensed that the 
condensations have every appearance of star discs of about the sixteenth and seventeenth 
magnitudes No 6 — M. 88, N GC 4501, m Coma Berenices, has a nudeus of the uncondensed 
type, inapient condensations appearing m the outer regions No 6—M 61, NGC4303, in 
Virgo, is a good example of the spnal nebula where the nudeus is almost stellar and quite small, 
most of the matter wh ic h was once m the nucleus having passed into spiral arms 


arms naturally much 
weakens it, ultimate¬ 
ly both in massand in 
brightness We thus 
have spirals con¬ 
sisting almost en¬ 
tirely of condensa¬ 
tions with no very 
definite nucleus, as 
in N G C 253 A 
practical proof that 
the nuclear matter 
actually does flow 
from the nucleus 
along the spiral arms 
has been furnished 
by Van Maanen at 
the Mount Wilson 
Observatory Two 
photographs of the 
spiral Nebula M 81 
in Ursa Major ex¬ 
posed at an interval 
of eleven years with 
the five-foot re¬ 
flector, were com¬ 
pared and measured, 
with the result that 
an outward motion 
along the spiral arms 
was detected The 
amount of this mo¬ 
tion was very minute 
in actual linear dis¬ 
placement on the 
photographic plate, 
but it was surpris¬ 
ingly large from the 
cosmical standpoint, 
for it meant that one 
turn of the spiral 
would be completed 
in 58,000 years The 
diagram given on 
page 564 shows the 
kind of motion 
found, and the 
direction and mag¬ 
nitude of the mean 
annual motion This 
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IS by no means the only spiral nebula in winch similar displacements have been measured, and there 
IS no reason to doubt the accuracy of the measurements In any case, another interval of twenty years 
will quite conclusively prove the existence or otherwise of these displacements Another investigation 
on motion in spiral nebulse undertaken at the same observatory by spectrographic means, was on 
relative movements in the oblate nucleus of the Andromeda Nebula From our standpoint the 
nucleus appears roughly ciicular in outline, but the plane of the nebula is evidently inclined to the 


line of sight at an 
angle of about 15°, 
and we know from 
the ''edge-on"’ 
spirals that the 
section of the nu¬ 
cleus IS lenticular 
Here a certain mo¬ 
tion of rotation 
was found amount¬ 
ing to 58 km /sec 
at points 2' from 
the centre of the 
nucleus The ex- 
traordmaryfeature 
as to this rotation 
was that the re¬ 
sulting measures, 
when plotted on a 
graph, were rec¬ 
tilinear, which 
must mean that 
the nucleus rotates 
as a solid body , 
one would have 
expected angular 
motion corre¬ 
sponding to the 
inverse square law 
from the centre of 
the nucleus, such 
as exists in the 
Solar System 
Another curious 



feature which has 
been brought out 
by photography 
IS the difference 


THE) SPIRAI, NEBXTI,A H V2 VIRGINTIS, NGC4r/)6 PiroTOGRAPHED WITH TIHS 
THIRTY-SIX-INCir IlKPI/P)CrOR OF THE EICIC OBS35K.VATORY 
An example of a partially developed spiral, in which the spiral arms liave only completed half a 
complete tarn The nucleus is small and almost stellar in character The smaU, mneh-dongated 
nebula bdow it, is a spiral seen edgewise 


in colour between the nuclear and outer regions of the spirals When an ordinary rapid plate, 
sensitive to the blue and ultra-violet end of the spectrum, but not to the green, is exposed on 
a spiral such as M 64, the result is different from a similar exposure on an isochromatic plate 
sensitive to the green and shielded from the blue end of the spectrum by a light yellow screen 
In the latter case, the nucleus comes out strongly, but the spiral arms are comparatively much fainter, 
indicating that they are deficient in green light and the longer wave-lengths It is necessary to be 
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careful in drawing conclusions from such differences in contrast shown by the two kinds of plate, 
as the contrast factor varies considerably between panchromatic and isochromatic plates dyed with 
vanons aniline dyes and the ordinary undyed plate, but the isochromatic plate certainly gives much 
more leliable results than the panchromatic, and the undyed plate gives comparable results in the blue 
region Before fully accepting the reality of this unlooked-for effect, a more rigorous series of experi¬ 
mental photographs is perhaps necessary It is, however, a point of great interest, for it suggests 

that some of the 
light of the spiral 
arms is not in¬ 
herent, but re¬ 
flected by minute 
particles of dust 
This again is in 
accordance with 
the hypothesis al¬ 
ready mentioned 
that the spirals 
consist of enor¬ 
mous concentra¬ 
tions of finely di¬ 
vided matter, 
probably expelled 
originally from 
the Milky Way by 
radiation pressure 
from the stars 
The only obvious 
source of such re¬ 
flected light IS the 
bright nucleus it¬ 
self Owing to the 
natural disposi¬ 
tion to make as 
flne a picture as 
possible from the 
negatives, photo¬ 
graphic strength¬ 
ening and mani- 
pulation has 
resulted in a to¬ 
tally erroneous 
conception of the 
comparative 

^ , brightness of the 

nucleus and the spiral arms, the one in reahty being usually several hundred times as bnght as 
the other We have already mentioned the occurrence of condensed nodules in the outer regions 
of certain spirals, the Andromeda Nebula, which we have descnbed at some length, is the 
great example of the uncondensed type, while in M 81 the central portion at least is still uncon¬ 
densed We will now take another great spiral, second only to the Andromeda Nebula in 
apparent dimensions, and situated within a few degrees of it m the sky This is the nebula 



SPIEJUv H V 44 CAMEXyOPARDI, NG-C 2403 PHOTOGRAPHED WITP 

THE THIRTY SIX-INCH REFLECTOR OF THE EICK OBSERVATORY 

^ of large angula: 

diameter m the North Galactic Hemisphere It is m a region where only large spirals are fon^ 




JP<rom “ knowledge ] [G W Mifchey 

'Tim SPIRAI, NPBUI^A M 33, N O C 598 IN TRIANGUI^ITM PHOTTOGRAPPIKD WITH THi: SIX:Ty-INCH RB^PIyTCTOR OF THE 

MOUNT WITSON OBSEItVATORY 


With the exception of the Great Nebula in Andromeda, this is the largest in angular size in the sky, and it may actually he the laigesi if all 
the small outlying nebulous condensations are included The nebula is of the condensed type, and what appear to be stellai discs are seen iti 
all parts of the nebula The bright patch towards the lower right hand comer of the nebula gives an emission gaseous spectmm 



North Galactic Hemisphere. South Galactic Hemisphere . 



splendour of the Heavens 


581 


known as M 33 or N G C 598, illustrated on page 579 It can be seen at a glance that here we are 
dealing with a totally diherent type of spiral Everywhere except in the actual nucleus, condensa¬ 
tions and granular nodules of irregular shape are present while the nucleus itself is only a faint object, 
very inconspicuous to the eye in a large telescope Until the nebula was photographed, the great 
extent and intricate detail of this object was quite unknown Its great angular diameter would give 
it a position with the Andromeda Nebula as one of the nearest spirals to the Solar System it is especi¬ 
ally remarkable that M 33 should, like its giant neighbour, have a considerable motion of approach 
towards us This motion was obtained spectrographically as in the other cases, but as the nucleus 
of the nebula was too faint to make any impression on the photographic plate of a spectrograph, a small 
rather bright nebula in the outer regions giving a bright line gaseous spectrum was photographed at 


the Lick Observa¬ 
tory Many small 
faint nebulae he 
in the surrounding 
regions of the sky, 
and Professor Max 
Wolf, who has 
made a special 
study of these, 
considers that they 
form extensions of 
the spiral arms of 
the principal nebu¬ 
la If this IS so, 
and it is in all 
probability correct, 
then wc must 
assign to M 33 as 
great an angular 
size as the Andro¬ 
meda Nebula it¬ 
self All the stages 
of condensation in 
a spiral nebula are 
very well shown 
here There is the 
curious granular 
appearance, which 
has been compared 
to frogspawn, 
which tends ulti 



THE SPIRAIy NKBUIyA M 63, CANUM VENATICORUM, N G C 5055 PHOTOGRAPHED 
WITH THE THIRTY SIX INCH REFLECTOR OF THE TICK OBSERVATORY 


ihc details ot the nuclear regions arc lost in the lUustiation owing to over exposure, but it can 
leadily be seen that the nebula docs not follow the normal form of spiral development It is a 
multi spiial, with many condensations in the outer portions 


mately to form groups more or less equally spaced These groups, and not the granulations, are the 
drop-like condensations postulated by Dr Jeans's theory, by the apparent spacing of which he calculates 
the distance of various spirals It may, however, be remarked in passing that by taking the 
granulations in the extreme outer regions of the Andromeda Nebula instead of the groups. Dr Jeans 
has placed the nebula at a distance which is not warranted by the general scale A great 
many minute points of light, having the appearance of star discs on the photograph, appear in 
all parts of M 33, while over all lies a faint cloudy mass of nebulosity without structure, evidently 
matter still uncondensed We must certainly regard the granulations as self-luminous, as there is no 
question here of the nucleus being brilliant enough to illumine distant regions These two great 
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spirals, the largest m angular size la the sky, are both in the South Galactic Hemisphere Another 
large spiral, seen edge-on by us m the same neighbourhood, is N G C 891, illustrated on page 566 
The dark band of absorbing matter at the periphery of the nebula is very striking Four other large 
spirals form a group near the South Galactic Pole, one of which, N G C 253, has already been men¬ 
tioned The othei s aie N G C 65, 247, and 300, all having been photographed first with a reflector 
at Helwan Observatory These, with the exception of N G C 891, are the five largest spirals m the 
sky The number of spirals in the southern hemisphere is not nearly so great as in the northern, and 
they are much more widely spread This and the very large angular diameters of the five referred to, 
are evidence that the division of the spiral nebulae by the galactic plane is by no means an equal one' 
The two diagrams on page 580, in which the positions of spirals down to 5' diameter are plotted, 
give a good idea of their relative distribution In the northern hemisphere, the largest spirals 
are in the region of Ursa Major and Canes Venatici, where they appear with little concentration over a 
wide area These include the fine spiral M 81 [see page 563), the well-known “ Whirlpool ” nebula 
in Canes Venatici, the condensed spiral M 101, illustrated in the Introduction, and several other large 
spirals, most of which appear in the illustrations Near the North Galactic Pole lies the largest of the 
edge-on spirals N G C 4565, which shows a conspicuous band of absorbing matter in the outer parts 
On each side of the Galactic Pole, about longitudes 80° and 270°, some hundreds of spirals of medium 
and small size are massed together The region of the Galactic Pole itself is comparatively free from 
spirals, but it is remarkable for a vast number of small featureless nebulse, which can only he dis¬ 
criminated from stars by their hazy outlines The nature of these is uncertain they resemble the 
condensations appearing in the spirals more than anything else, and there is no reason for thinking 



they are very distant spirals 
Beyond the North Galactic 
Pole from our latitudes another 
region of spiral concentration 
appears in Virgo Here the 
nebulae are on the average of 
smaller angular diameters, so 
the general plan seems to be 
a wide band of these objects, 
starting m Ursa Major with 
those of large angular diameter, 
and increasing in number, but 
decreasing in average size, as 
wo pass beyond the Pole A 
very remarkable fact is the 
absence of spirals in the semi¬ 
hemisphere of the sky which 
contains the constellations Her¬ 
cules, Corona Borealis, Serpens 
and other well-known northern 
constellations, as well as the 
southern constellations, Pega¬ 
sus, Libra, and Aquarius 
Whatever the explanation may 
be, it is at least significant 


ENIyARGED CENTRA! PORTION OF THE FRANKTIH ADAMS CHART 
CONTAINING THE NEBUIA NGC5128 
This IS the same nebula whidi is reproduced from the Helwan series on page 571 
The difference in tie size of the star images in the two photographs as well as the 
difference in scale is well sh.owa 


that this particular semi- 
henusphere contains more than 
half of the globular clusters in 
the entire sky 
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Not all the spirals are of the 
form known as the equiangular 
spiral It IS quite a usual thing 
for one or more of the spiral arms 
to be divided into two branches, 
as in ]Sr G C 2835 In others there 
IS a broad band of nebulosity each 
side of the nucleus from the ends 
of which short spiral arms start, 
forming the letter S An example 
of this IS N G C 1097 In others 
an oval ring only appears with 
no trace of spirality at all As 
Dr Jeans suggests, such rings 
may have been thrown oft by 
the rotating lenticular nuclei in 
the absence of any disturbing 
factor to induce the tidal effect 
responsible for the ordinary spiral 
form Sonaetimes, again, spiral 
development in more than one plane is shown as in N G C.151 Ihe character of the spiral arms 
also varies very much from one example to another In some cases they are broad and mottled over 
with condensations, in others they are mere filaments with no condensations The nuclei also range 
from luminous spheroids with great central brilliance to minute discs only to be distinguished from 
star discs by their hazy outline under magniication There is, in fact, a great variety of individual 
examples, with conformation to the general type, as is everywhere found in nature 

THE MAGELLANIC CLOUDS 

We have still to mention two very curious formations in the southern sky, both quite out of reach 
in northerly latitudes—the Magellanic Clouds, or, as they are usually termed, the Nubecula 
Major and the Nubecula Minor These will be also considered in another chapter of this work, 
but as they are rich in nebula and clusters, they cannot very well he omitted here It has, indeed, 
been suggested that they are actually spiral nebulae closer to us than any other spiials, but then general 
shape IS far removed from that of a typical spiral They seem rather to show galactic afimitics, as 
the nebulae they contain are of the gaseous variety, hotli irrc'gular and jilanetary This indicates the 
existence of high temperatures, which is also proved by the presence of a large' number of stars of the 
Wolf-Rayet or O type of spectrum, some as bright as the ninth magnitude A feature which places 
these objects outside the Galactic System is their large velocities of recession of 24H and 168 km /sec 
respectively, velocities which are comparable with those of the spiral nebuLe rather than the galactic 
stars Professor Hertzsprung, who has made a special study of these formations, places them at the 
enormous distance of 40,000 light-years Such an estimate seems altogether too high for stais and nebulai 
comparable in brightness and size with similar objects in the Milky Way But the whole question 
of the real dimensions of the Galaxy, and of the distances of the spiral nebulcC, is at the present time 
in a state of flux, and there is no general agreement A view which is stiongly held m some 
quarters is that the Galactic System is itself a spiral nebula, no greater in dimensions than such nebulae 
as the Andromeda Nebula The other view regards the Milky Way as the great structural feature 
of the visible universe to which the globular star clusters and the nebulae are subsidiary The fact 
that the globular clusters are in general approaching the plane of the Galaxy and the spiral nebulae 
receding from it in some cases with enormous velocities, seems to the writer to favour the latter 
view, especially if it be conceded that the spirals may have originated in clouds of finely divided matter 



A NEGATIVE IMAGE OE THE NEBULA AND CLUSTER M 8, PHOTO¬ 
GRAPHED WITH THE BRUCE TEIyBSCOPE AT AREQUIPA, PERU 
This photograph gives a dearer idea of the bright stars involved in the nebula 
than the long exposure photograph leproduced on page 52(.> 
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neb^lt, accumulatxng during recent years is m lavour of placing the spiral 

wL O -^alogies either in the Solar System or the 

^^nZl I r jZt significance is the apparent antipathy of spiral nebulae 

rar! cl'^Jers If both are plotted on a diagram together, it will be quite evident that only in 

centratedrn L'e^li ^ already pointed out that the star clusters are mostly con- 

rfclustr b ^ hernisphere of the sky and the large spirals m the other If we take the pole of the 
wTn^n?imare''t^^^^^^ Sagittarius as representing the direction of the centre of the Galaxy, then 
each side of the ereai- ® ® ns ers le near the central part of our universe, being concentrated on 
thet ^en+^l ^ ^ u Radiating away from 

gSaXXi ar^th Tr from the 

those of the larffest an ^ apparent size, stretching well into the star cluster hemisphere , 

those of the largest apparent diameter and comparatively close to the galactic plane Iving behind us 

■» Sag.t,ar.» ll.sle^rjLtS, XS 

explanation of the known distnbution of the globular clusters and the spiral nebulre 

CHAPTER XV 

VARIABLE AND ''NEW" STARS 

By Dr W H Steavenson, F R A S 

introduced to bodies which arc, comparatively 
I -king, near neighbours of the Earth, and it was therefore possible to put b fore C many 

stars“;t1S‘’" - tl! case 7Z 

Wrarl aus^mitef a'"' 11“ t"l<=^copes 

We are thus limited, so far as direct observation is concerned, to a study of (1) their nositions Ld 

Tr^er chapter dealing in th! 

starlight, like chemical analysis, may be either qualitative or quantitative accordiuE 

2=; rirXerTr'X‘,rr t " ■>' xxx. 

Chapter XII, and we shall here direct our attention mainly to the second 



1 T j STEUvAR MAGNITUDES ® SUawnsm 

these «ngn.tudes » Therdation between 

now more rigidly defined, and is snch that any star appears 2^512 times as bri?h^f^nc=^^ Hippaxdiiis, but the light ratio is 
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The fact that the stars differ greatly in brightness from one another is so obvious that it must 
have forced itself on the very first man who ever gazed at the Heavens, and repeated observations 
must further have shown him that, m general, no ohvious change in the relative brightness of the 
stars occurred from night to night, or even from year to year Thus arose among the Ancients the 
general impression that the Heavens (apart from Sun, Moon, and planets) were typical of all that 
was unchanging and unchangeable As a consequence of this impression, no great importance was 
attached in early times to the exact estimation and record of the amount of each star's light, and, 
when any attempts were made in this direction, as by Hipparchus and Ptolemy, it was chiefly for 
purposes of ready identification It is only in comparatively recent times that closer observation 


has revealed the fact that, while most of the bright 
stars are sensibly constant in light, certain of them 
exhibit decided changes from time to time But, 
even up to a hundred years ago, such variability 
was still regarded as rather exceptional, and few 
examples were known To-day, however, the 
number of stais (mostly telescopic) known to vary 
in their light is to be reckoned in thousands, and we 
have come to regard variability as a phenomenon 
that is anything hut exceptional in the Heavens 
It will readily be understood that the discovery 
of stellai variability, coupled perhaps with the 
occasional appearance of "New " or " Tempoiary " 
stars, gave a fresh importance to the exact detei 
mination, not only of the positions, but also of the 
brightness of the stars in geneial, with a view to the 
more ready detection of change Thus the quan¬ 
titative measurement of starlight owes its origin 
and development veiy largely to the existence of 
“ variables," and it theiefore seems appropriate 
that a brief review of the history of stellar " photo¬ 
metry," as it is called, should be given at this point 
The first systematic attempt to classify the 
stars according to their brightness was made by 
Hipparchus in 127 n c , and, though his original 
work is lost, Ins lesults have been handed down to 
us by Ptolemy Hipparchus divided the stars, 
quite arbitrarily, into six classes, this number being 



h W A ^ROlilvANDim 

Aigdaiidti’s milodiit lion of the ckcinicil tlivisioii of sl<u 
inagniludcb in the nude lie of last cciiliny niaiktcl the 
begiiinuig ol acaxiaic slcllai plioloiiiciry lie discovcic<l 
and observed at Bomi a laigc iiumbci of variable stars tmd 


considered ]ust about sufhcient to give a fair idea 
of the biightness of any star for purposes of 
identification (In much the same way we divide 
boots and other articles into " sizes ”) These 


originated a method of comparison falill in use by those who 
study these objects His gicat catalogue, The Hannet 
Dunhmw^tcmn^, contains the positions tind nnigiiittidcs of 
321,198 stars obscivcd by him and Ins asbistants down to a 
distance of iimcty two degiccs from the Noith Pole 


SIX rough divisions Hippaiclius teimed magnitudes," but it must be clearly understood that no 
reference to the actual sizes of the stars is implied by this word, which simply denotes the effect 
produced on the eye by different degrees of brightness The brightest stars were classed as of the 
" First " magnitude, and the faintest visible of the " Sixth " Now, Ptolemy noted that the human 
eye could readily detect at least two intermediate grades between any two of the broad divisions of 
Hipparchus, so that, for instance, he recognises, between the fourth and fifth magnitudes, stars that 
may be called " faint fourth " or " bright fifth " without being exactly of either magnitude Similarly, 
referring again to boots, we speak of " small twos " or " large eights " 

This virtual division to thirds of a magnitude provides for about the smallest differences of brightness 
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that the rntrained eye is readily ahle 
to detect, and it so far answered the 
requirements of the earlier observers 
that it was retained without material 
alteration right up to the hj meteenth 
Century It was not until about 
1850 that the practised observer 
Argelander introduced subdivisions 
as small as one-tenth of a magnitude 
Meanwhile, in the earlier part of the 
century, various other observers 
(notably J Herschel, Steinheil, 
Struve, and Johnson) had been re¬ 
vising for themselves the magnitudes 
assigned by Ptolemy, without, how- 



From -XanabU Stats ^ 


IHE HARVARD MERIDIAN PHOTOMETER 
With this mslrument the light of the stars is compared direct with that of 
Polaris, which is used as the standard m determining stellar magnitudes 
Two similar object-glasses (1 and 2) are so arranged as to form their images 
side by side at E The two mirrors (nq and m^) are so arranged as to point 
to the star and Polaris respectively D and N arc parts of a polarising 
apparatus by rotation of which the two stars can be made equal in brightness 
The amount of rotation required to produce this equality is read on the 
circle C, and from this the difference in magnitude is easily deduced 


ever, disturbing the broad outlines of the classification into six degrees of brightness The general plan 
was to adopt as correct certain of Ptolemy's stars of each magnitude, and, taking these as '' standards 
to adjust the estimates for the remainder to conform with them as closely as possible Naturally, 





personal differences between the 
various observers, coupled with the 
adoption of different stars as stan¬ 
dards,'" resulted m some disagree¬ 
ment between the magnitudes final¬ 
ly arrived at But the determina- 
tions agreed sufhciently well to 
yield a very important result, 
pointed out by Johnson m 1851 
This was the establishment of the 
fact that, adopting Ptolemy's divi¬ 
sion into si\ magnitudes, each ob¬ 
server found practically the same 
difference between any two mag¬ 
nitudes all down the stede Ihis 
difference amounted to an increase 
of very nearly two and a hall times 
in the light of the stars as om' passed 
up from one magnitude to the next 
Some time before this Sir John 
Herschel had estimated that a star 
of the first magnitude gave about 
100 times as much light as one of 
the sixth, and this estimate was 
found to agree quite closely with 


THE ZOEENER photometer 


the average results of observers as 


By means of this instrument an artificial standard of light is compared with 
the stars whose brightness is to be measured The observing telescope is 
seen on the left In it is inserted an nnsilvered glass mirror, which reflects 
towards the eye the light of the oil lamp on the right The light passes 
through a pm-hole, thus formmg an artificial “ star ” in the same field as the 
real one By a polansmg apparatus the former can be adjusted to equality 
with the latter, and the amount of rotation of the polariser gives a measure 
of the difference between the two 


examined by Johnson In this way 
the true physical ratio existing 
between Ptolemy's several magni¬ 
tudes was for the first time satis¬ 
factorily revealed, and it appeared 
desirable, for the sake of future 
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observers, that a fixed value for this ratio should he universally adopted The value finally decided 
upon, on the suggestion of Pogson, was 2 512 to 1, and this has ever since been used as a basis for all 
calculations relating to stellar magnitudes The particular value here mentioned was adopted because 
its logarithm, used very frequently in computations, is exactly 0 4, which simplifies matters considerably 


One more step was required in 
order to ensure uniformity m the 
determination of stellar magni¬ 
tudes , this was the adoption of one 
definite standard, on which all 
measures, by whomsoever made, 
should ultimately depend Even¬ 
tually Polaris, on account of its 
ready accessibility at all times and 
from most places, was adopted by 
universal consent, and it was agreed 
that its magnitude should be re¬ 
garded as being exactly 2 1 All 
that IS now required in order to 
determine the magnitude of any 
star is to find what ratio its light 
bears to that of the Pole Star, from 
which its difference in terms of 
magnitude can readily be found by 
applying Pogson's constant of 2 512 
It IS interesting to notice in passing 
that the adoption of this ratio gives 
a first magnitude star ]ust a hun¬ 
dred times the light of one of the 
Sixth, which IS in exact agreement 
with Sir John Herschers estimate 
It is to be noted that this modern 
readjustment and standardisation 
of stellar magnitudes is ultimately 
based on the main outlines of the 
rough classification of Hipparchus, 
of which it IS in reality the fulfil¬ 
ment Such differences as are pro¬ 
duced are comparatively small, 
especially m the case of the fainter 
naked-eye stars One curious re¬ 



sult, however, of the icadjiistmcnt 
has been the creation ot negative 
values for certain abnormally bright 
stars Thus (assuming Polaris 
= 2“^1) we find that Aldebaran is 
of magnitude 1 1, but Capella is 
brighter still, and must therefore be 
represented by a number (actually 


f 

l io>n \ anabli S/an”| \Uy ( 

\ piioro-unucii-iic piioTOMirn^R 
riiis iiifalruiiiuit IS attached to the small end of a laigc Idcscopc at A A The 

light of the fetal whose biighlncss is to be nieaseiicd falls thiotigh and on to 
the lower side of the glass bulb M This lowei snrhice ife coated on the mside 
with potassium (KaJmm), which reacts tUeliically to the lighl-stimulus 
The reaction, which is piopoitional to the intensity of the light, is recorded 
by the movement of the thread of a delicate clectromciei (X) At the bottom 
IS an enlarged view of the scale along which the thread / is seen to move 


0 21) that IS less than unity, while for two stars, Canopus and Sinus, the magnitudes are so much above the 


normal that they have to be set down as minus quantities m the forms — and — 58 respectively 
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We must now proceed to a brief description of the principal methods whereby star magnitudes 
are determined 

The early observers, such as Hipparchus and Ptolemy, contented themselves with simple 
eye-estimates These were sufficient where great accuracy was not aimed at, though there 
were naturally differences of personal origin between the results of various workers It was not until 
the Nineteenth Century that any serious attempts were made to measure magnitudes accurately by 
instrumental means The methods then introduced were founded on two principles, known 
respectively as those of extinction and equalisation 

In the case of the first of these the star whose light is to be measured is brought into 
the field of view of a telescope and its light is steaddy reduced by artificial means (by con¬ 
tracting the aperture of the telescope or by the gradual insertion of a wedge of tinted glass) 
until it ]ust disappears The same performance is then repeated on some “ standard ” star 
whose magnitude is assumed to be correct, and the difference between the brightness of the 
two stars is then readily found by companson between the degrees of “ dimming " required in 

The second method, that of equalisation, is applicable only where both stars are visible in 
the same field of view simultaneously It consists in reducing the light of the brighter of the two 
(either by a wedge or polarising apparatus; untd they both appear exactly equal The amount of 
reduction required then gives the difference of brightness, as before Often an “ artificial " star 
produced by optical means in the field of the telescope, is used, but the principle is still the same 

Both of these methods 
(especially the second) have 
been used with consider¬ 
able success by different 
workers The advantage 
of the extinction method is 
that it docs away with the 
necessity of having the 
comparison stai, real or ar¬ 
tificial, in the same field, 
each dcteimination being 
made independently But 
many obsci vers find it diffi¬ 
cult to dettiminc the exact 
point ell winch a stai ceases 
to be visible No two ob¬ 
servers would agree as to 
this, and even the same 
observer will find varia¬ 
tions in the sensitiveness of 
his eye (as well as in the 
state of the atmosphere) 
from minute to minute 
On the other hand, the 
equalisation method de¬ 
mands the inclusion of the 
standard star in the same 
field, failing which an arti¬ 
ficial star must be resorted 
to, and it IS found difficult 



DETERMINATION OF MACNITITDES BY PHOTOGRAPHY 
Stars of an degrees of brightness are reduced by their great distances to mere points of 
light, bttt their images on a photographic plate are enlarged by “ irradiation ” i^^to discs 
accortog to the brightness of the star, and a simple measurement 
of their diameters gives the data necessary for calculatmg the relative “ magnitu^s ' 
or apparent luminosities ’ 
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to keep the latter constant m brightness and to 

make it look really like the object with which it is ,^((1 

to be compared The principal advantage of the 

method lies in the simultaneity of the comparison, ^ 

which eliminates the efiect of changes in the eye, M ^ 

and (in the case of a real comparison star) in the M A 

atmosphere, both objects being at the same altitude m B 

in the sky Moreover, obseivers generally find it I I 

much easier to judge of equality than of disap- ■ ■ 

pearance W m 

Probably the most generally satisfactory visual ^ V 

photometer so far devised is that designed by 

E C Pickering, late Director of the Harvard ilir 

College Observatory, USA, and known as the wWWW^^ 

‘'Harvard Meridian Photometer'’ This instru- 
meat consists of two telescopes, each of about four 
inches aperture, fixed side by side horizontally in 

an east-to-west direction In front of each object- ^ 

glass is a plane mirror, set at an angle of forty- ^ ^ m ^ <m ^ 

five degrees, capable of rotation about the optical 
axis of the lens It can thus be set to throw 

down the telescope the light of any star that is ^ ^ J • 

on or near the meridian The two object-glasses 
are so tilted that both form their images sufficiently 

close together to be examined by the same eye- - • • ♦ - 

piece The method of employing the photometer ^ i>teavemon 

, J X £ J. 1 COMPARISON OF MAONXriTDBS BY A GRATING 

is to adjust the mirror of one telescope so as . , , , r , , , 

•' If a frame, ciosscd by a number of pamHel wires, is iilaced 

to direct the light of the Pole Star down the m front of the object I?lass of apholograpluc telescope, the 

tube The other mirror is then set to bung the formation of a anmber of small diffraction 

spectra on either side of each stai nmige, as seen below 
star to be studied into the same field of view, both Those nearest the central image are nearly circular and cam 

objects being now seen side by side By a system compared with othu stars on. the plate Since they bear 
° a knomi aud coiislaiit i elation to the principal image, an 

of “ polansmg ” prisms, placed between eye-piecc c^clended set of standaids of comparison IS thus formed 

and object-glass, the relative brightness of the from the few oiiKimd stars available This serves to bridge 
^ ^ the gaps which would other wise occur, *uid makes possible 

two stars can now be so modified as to make the mutual compansou of slais of very unequal brightness, 

them appear equal The amount of rotation _ as sho wn abov e 

of the polariser necessary for this can be icad off on a graduated scale and the relative brightness of 
the two stars can then be readily calculated Thus each star is compared direct with the " standard," 
which saves much time and obviates errors likely to occur by intermediate comparisons In addition 
to Polaris, several other stars near the Pole are often used as standards These stars have been 
measured with special care and form what is known as the Harvard North Polar Sequence " 
The observations are quickly made and require but little reduction The most important correction 
required is that necessitated by the difference in altitude between the star and the standard The 
increasing thickness of the atmosphere as one passes from zenith to horizon has a very marked effect 
on the brightness of the stars, and due allowance has to be made for this 

Many thousands of the brighter stars have had their magnitudes determined with this instrument 
at Harvard The probable error of the published values is in general only a few hundredths of a 
magnitude, which is a great advance on most of the work of the earlier observers Still, it must be 
borne in mind that each estimate depends ultimately upon the visual judgment of the observer in 
deciding as to the luminous equality of two points of light In forming such a judgment there are 
many sources of error, of a personal nature, connected with the colour, relative position, etc, of the 


[W H 6leavenwn 

COMPARISON MAGNXriTDBS BY A GRATING 
If a frame, ciosscd by a number of pamHel wires, is jilaced 
m front of the object glass of a phoiograpliic telescope, the 
result will be the formation of a mimber of small diffraction 
spectra on either side of each stai nmige, as seen below 
Those nearest the central inrage are nearly circular and can 
be compared with other stars on the plate Since they bear 
a known aud eonsUiut relation to the principal rmage, an 
c'slended set of standards of comparison is thus formed 
from the few oiignuil stars avaiBible This serves to bridge 
the gaps which would other wise occur, *uid makes possible 
the mutual coinparisoii of blais of very unequal brightness, 
as shown above 
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two stars to be compared, and it is found impossible completely to eliminate or allow for these For 
most purposes, however, accuracy to the nearest tenth of a magnitude is quite sufficient, though in 
special cases, as we shall see later, a still greater degree of precision is required 

^ In Chapter I brief reference was made to the 

— SUM (109,65*0, 000 , 000 .) practice of deteimimng star magnitudes by means 

of photography This method has proved of great 
^ ‘ value, especially in the case of the fainter stars and 

? m statistical studies of stellar distribution A glance 

!m' at a photograph of any part of the Heavens will 

N ^ reveal the obvious fact that the images upon it are 

r; t?- of veiy diffeient sizes Bond pointed this out m 

> g- 1858, in the very early days of stellai photography, 

^ ~ . and suggested that accuiate determinations of mag- 

nitude could be made by simple measurement of 

> the diameters of the stars' images on the plate 

^ Since then the method has come into general use 

q _ and has given excellent results, though its practical 

C ^ application is beset by many pitfalls and is not quite 

m ^ so simple as Bond supposed In fact experience has 

_ MOON (i90S‘Sc ) shown that photographic, like visual, photometry, 

* has its own peculiar advantages and defects The 

chief advantages are the partial elimination of the 
personal element by the substitution of an auto- 
^ ■ matic registration of brightness, and the saving of 

“" time effected by the simultaneous recording of very 

large numbers of stars Among the defects we must 
reckon anomalies in the character and lelative 


MCOIS ) 



o>- 

— URANUS (^OOI) 

[W H Steavensmi 

MAGNITUDES OP VARIOUS CETESTIAI, OBJECTS 
The range of magnitudes here represented covers all the 
objects visible to the naked eye A. few typical examples 
are given here and there, and the figures m brackets beside 
them denote the ratio which, their light hears to that of a 
first magnitude star Magnitudes helow the sixth are only 
made visible by means of telescopes Stars as faint as 
magnitude twenty one have been photographed by large 
instruments 


intensity of the photogiaphic images dut‘ to such 
factors as type of lens, brand of plate, time of 
development, and colour of the stars Leaving the 
last of these for the moment, it may be said that 
each worker has to determine carefully for himself 
the exact effect of these factors bcfoie he can begin 
to make accurate measures of magnitude He has, 
in fact, to construct a special formula, containing 
certain constants,” and with its aid he can then 
derive his results from a simple measurement of the 
diameters of the star images An alternative 
method, less commonly used, is to photograph the 
stars out-of "focus, so that all foim large discs of 
similar size The magnitudes are then estimated 
by comparing the density or duskiness of the discs 
with a graduated strip of film whose density at any 
point IS known It sometimes happens that a plate 
contains so few stars, and of such widely different 
brightness that direct comparison between them is 
difficult Two methods can then be employed to 


bridge the gaps m brightness One is to give several 
exposures of different duration, moving the plate between each The result is a string of images for 
each star, all differing in brightness by a known amount, so that the standards of comparison are made 
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to cover a much wider range of magnitude, 
supplying the lack of real stars of intermediate 
brightness The second method has been very 
successfully used at Greenwich, and consists in 
placing before the object-glass a grill" of 
parallel wires, arranged like the strings of a harp 
or piano The effect of this grill is to produce by 
diffraction a diminishing series of fainter images 
(really small spectra) on each side of the prin¬ 
cipal star image The difference in brightness 
between the several images is a constant quan¬ 
tity, readily calculable on optical grounds, and 
the range of magnitudes available for comparison 
is greatly increased, as in the first method 
described 

It should be noted that all photometric 
methods, photographic and visual alike, are 
relative m their application That is to say all 
results are obtained by reference to some adopted 
standard or standards of magnrtude An indi¬ 
vidual observation of a star will not by itself 



THE nAXE PEOFESSOn E C PICKERING 
Stdlar photometry owes more to PicUeiing than, perhaps, to 
any other individual astroiionici Under his direction, at Har¬ 
vard College Observatory, the magnitudes of many thousands 
of the brighter stars have been deteimined with great 
accuracy Most of this work was done with the “ineiidian ” 
photometer which he himsdf devised He also did much to 
organise and evitend systematic work on Variable Stars 


VALUE OP EXTINCTION 



AXMOSPHliRlC UIMMINCi OF SPARIdCiHl 
Xhis curve shows the effect of altiiudc on the appaicni 
magnitudes of stars I'hc ncaici a body is to the hon/ou the 
greater is the thickness of the «ur through which wc observe it 
It will be seen that when *1 stai is 80“ fiom the /eiuth (that is 
10° above the lioii/on) it appeals a whoU magnitude fainlei 
than when overhead At an «iltitiide of 4° the diffeience is 
twice as great, oi two magnitudes Allowance has to he made 
foi this effect when measuinig the bnghtness of stars 

give a reliable value, since so much depends on the 
atmosphciic and other variable conditions under 
which the work is done It is therefore essential 
that in each case a ‘^control" observation, as 
nearly simultaneous as possible, should be made 
of some standard star Thus, in photographic 
photometry, it is a common practice to make one 
or more exposures on the field of the North Celestial 
Pole (where the stars have all been accurately 
measured) within a few minutes of the taking of 
the field under examination, and allowing all the 
images to fall on the sara e plate I n this way both 
the stars to be measured and the standards of 
comparison are pliotogiaphcd under nearly iden¬ 
tical conditions and can be directly compared 
The scale and light-ratio adopted m photo¬ 
graphic determinations of magnitude are the same 
as those used in visual work, and an even highci 
degree of accuracy is attainable Yet the results 
obtained by the two methods are very fai from 
bemg the same for all stars The principal cause 
of divergence is difference of colow, and this is 
really the outstanding objection to the photo¬ 
graphic method If all the stars were white, oi at 
any rate of the same colour, there would be little 
or no difference between visual and photographic 
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measures, but the ordinary plate is so 
much less sensitive than the eye to yellow 
and red light that stars of these colours 
form relatively feeble images, and there¬ 
fore have too low a magnitude assigned 
to them Until quite recently this con¬ 
stituted a great difficulty, since it intro¬ 
duced a rigid distinction between two 
systems which both aimed at the same 
results There was, moreover, no ques¬ 
tion of adopting the one as correct and 
abandoning the other as fallacious Both 
are right'' and each is consistent with 
itself The trouble comes when we try 
to compare the two, and we then find that 
the eye and plate see ” so differently as 
to make the comparison almost worthless 
Accordingly there have arisen two sepa¬ 
rate scales of magnitude, ‘Wisualand 



ANAIyYSrS OF A COMPOUND CURVE 
The apparent irregularity of the lower curve (which leprescnts the 
Fnuation of Time) is produced by the simultaneous action of tlic two 
unequal periodicities shown separately above By harmonic analysis 
it IS possible to disentangle such inter-acting lluctuatioiis by a study 
of the shape of the complicated curve which lesnlts from then combined 
effect The method has been applied with good results to the light- 
curves of the long period variables 


“ photographic,'' each excellent in itself but practically incomparable with the other It will be 
understood that this is often a source of great inconvenience It is particularly so when we wish 
to compare modern photographic observations with old visual estimates of some variable star, for 
we can never be sure how far apparent discrepancies between the two are due to actual change, and 



Ffom “ VatmhU Stars ”] C Furness 


how far to mere difference of method 
The problem underlying the whole 
matter is that of producing a photo¬ 
graphic plate which will have the 
same relative sensitiveness to colour 
as the human eye possesses Pro¬ 
longed research, especially in Amer¬ 
ica, has lately provided the solution of 
this problem, and it is now possible, 
by staining the plate with certain dyes 
and by photographing through a col¬ 
oured screen, to produce what are 
essentially visual effects by photo¬ 
graphic means The magnitudes thus 
determined are known as “ photo- 
visual," and the difference between 
them and the ordinary photographic 
magnitudes, is obviously a measure of 
the redness of the stars concerned 
This difference, expressed in magni¬ 
tudes, IS termed the star's '' colour- 
index " 


UIGHT CURVE OF AEOOI, 

This variable is of the dark eclipsing type, and consists of two stars of 
very unequal brightness revolvmg round their common centre of gravity 
The near coincidence of their orbit planes with our line of vision causes 
mutual eclipses of the components The greater and lesser falls m the total 
apparent light correspond with the eclipses of the brighter and darker star 
respectively A diagram of such a system is given on page 521 


Before leaving the subject of pho¬ 
tometry mention must be made of the 
receut introduction of two entirely 
new instruments for the determination 
of stellar magnitudes Both depend in 
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their d-ction on. the Sciiiie principle, which m3,]y ho brojidly described follows Cert3.in metnls hs-vc for 
many years been known to alter their electrical conductivity on exposure to light, the effect being 
termed “ photo-electric ” Laboratory experiments have made it possible to measure the relative 
intensity of light necessary for the production of different electrical changes, and so to find an 
empirical law by which the first can be deduced from the second The application of this pnnciple 
to the measurement of starlight seems obvious enough, bat there are very considerable technical 
difficulties in the way However, after much patient research, two satisfactory instruments, working 
on the photo-electric principle, have been evolved The first is known as the selenium photometer, 
so called because its operation depends on the action of light on this metal A thin film of the latter, 
with a steady electric current passing through it, is placed at the eye-end of a large telescope The 
light of the star to be ex:amined is now allowed to fall for a certain number of seconds on the metal 
This alters its resistance to the current and the effect is discerned and measured by the reading of 
a delicate galvanometer This sounds very simple, but the most elaborate precautions are necessary 
to ensure success, and this has deterred many from undertaking work with such an instrument It 
has, however, yielded results of 
great value and importance in the 
hands of Stebhins, who was one of 
the first to apply photo-electric 
methods to astronomical prob¬ 
lems 

The second successful photo¬ 
electric photometer depends on 
the action of light on the metal 
potassium, a film of which, en¬ 
closed in an exhausted glass bulb 
or “ cell,” receives the star’s light, 
as was the case in the selenium 
photometer This produces cer¬ 
tain modifications m a continuous 
current passing through the cell, 
and the amount of disturbance 
(proportional to the intensity of 
the light) IS registered on a gal¬ 
vanometer 

The great advantage of both in¬ 
struments IS them extr erne sons it ive- 
ness With either it is possible 
to record correctly differences in 
light corresponding to little more than of a magnitude This is well in advance of the accuracy 
attainable by any other photometric method The principal drawbacks are the great tochmcal difficul ties 
involved in the handling of the instruments and their present limitation to the brighter stars alone 

We must now turn from our brief review of photometry in general to that special branch of it winch 
IS concerned with stellar variability As we have already seen, this phenomenon was scarcely, if at all, 
recognised in the early days of Astronomy, and no definite allusion to it has come down to us in ancient 
records We have, however, good reason to believe that one star at least was known to be variable 
in its light as long ago as the early middle ages, if not earlier still This star appearb m onr modern 
atlases under the designation of ^ Persei, and is not remarkable on account of its brightness, colour or 
position, being a very ordinary-looking white star of the second magnitude, and less conspicuous than 
several of its near neighbours And yet the Arabian astronomers of the middle ages gave it the very 



From “ Variable Sir<*rs”l l ^ Furne&s 

I^ICrllT-CXJKVE OF BIST A lAnAE 


Beta Tyrae is typiuU of the class of “bright ” cdipsiup; vanablcs The changes 
HI light arc due to the muiudl eclipses of two slais of eoniparable luniiiiosity, 
which accounts foi the gicat lelative depth of the “ secondary iiunimuoi,” seen at 
the centre above The shape of the cuive enables us to bay that the two stars 
are very close togethci, and that each is elong«ited by the effects of tidal action 
In both types of eclipsing variables the curves repeal thiainselves with “clockwork’» 

regularity 
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peculiar name of Al-Gol, or the 
“ Demon ” Such a designation is 
1 X 1 type quite out of keeping with 
those which were allotted to the 
other stars, and it therefore seems 
highly probable that it was chosen 
to indicate some mysterious and 
" uncannycharacteristic which 
distinguished this body from all 
other members of the stellar host 
It was not until 1669 that Montan¬ 
an redirected the attention of as¬ 
tronomers to what was then re¬ 
garded as an entirely new dis¬ 
covery This observer noted that, 
while the star generally appeared 
as bright as the second magnitude, 
there were occasions on which it 
was fully a magnitude fainter This 
announcement does not seem to 
have caused much excitement, 
though It was confirmed by Maraldi in 1694, and it was not until 1782 that the Englishman Goodneke, 
then eighteen years of age, made the first careful study of the star's variability 

The independent discovery of the changes of Algol by Montanan was not quite the first of its kind 
in comparatively modern times, for the beginning of the recorded history of stellar variability really 
dates from the year 1596, when Fabncius, a Dutch astronomer, noted the sudden appearance of a third 
magnitude star in Cetus, where previously no such object had been recorded The star faded m a few 

weeks and was for some time reckoned among the 
'"new" or ''temporary" stars In 1638, however, 
Holwarda again observed the star, and this time the 
important fact was noted that, after disappearing 
as before, it again became visible eleven months 
later Moreovci, it was evident that it must have 
been visible (for a time at least) thirty-five years 
before, when Bayer catalogued it under the name 
0 (omicron) Ceti The manner of its variability is 
different from that of Algol, for, while the latter is 
normally at its brightest and only fades at intervals 
for a few hours, o Ceti is generally invisible to the 
naked eye except for short periods many months 
apart Also in its orange-red colour it contrasts with 
the pure white of Algol Two more variables were 
discovered by Goodneke, namely, (B Lyrae and 
S Cephei The behaviour of the former (which is 
white m colour) appeared at first very similar to 
that of Algol, but closer observation showed that 
the amount of its periodic fading was not constant, 
being alternately large and small S Cephei is yellow 
m colour and in its variability dif ers from the three 
stars already mentioned in being in a state of 



V]ei,OCITY AND UGHT CHANGIES OF A CEPHEID 
The lower curves represent the changes of light as 
observed at two different stations The upper curve 
shows the corresponding velocity of the star or its 
atmosphere as revealed by the spectroscope The lowest 
point on this curve indicates the maximum speed of 
approach, which is seen to coincide very closdy m time 
with the star’s greatest brightness, as shown m the lower 
curve The reverse holds good for the period of least 
brightness This correspondence shows that the varia¬ 
bility of the Cephtids is intimately conneseted with 
motion of some sort 



hrom “ Variable Stars'*] [J3y c Furnesi, 

TIGHT-CUR\E OF DEI^TA CEPHEI 


This curve is typical of those of all ‘‘ Cephcid ” variables It shows a rapid 
rise followed by a slower fall of light, and these changes arc repeated mdeflnitclv 
with perfect regularity SJtars of this type are y^ow m colour, but the 
eclipsing variables are nearly all pure white The exact cause of Cephcid 
variability is still in dowfot 
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constant change, never remaining of the same brightness for any length of time The changes are of 
quite a regular '' up-and-down '' nature, and occur always at the same intervals of time. These four 
iip,portant variables will be referred to again in detail later on They were among the very few (only 
elpven) whose changes had been definitely established and studied up to the end of the Eighteenth 
Century Since that time a few more bright stars have been shown to be variable, but the great bulk 
of discoveries of this nature has been among the fainter and telescopic stars 

Variables are brought to light in a number of different ways In some cases they have been deliber¬ 
ately sought for by repeated observation of the same portions of the sky, but more often, in the early 
days at least, they were discovered accidentally in the course of the preparation of star catalogues and 
charts, and in the subsequent com¬ 
parison of these with the heavens 
for various purposes In the latter 
case the finding of bright stars not 
catalogued, or the failure to find 
some that arc, has often led to 
further investigation and the even¬ 
tual detection of variability In 
more recent times photography 
has done great service in revealing 
the presence of new variables, in 
fact most discoveries of this kind 
are to-day made by photographic 
means At Harvard College Ob¬ 
servatory m particular the con¬ 
stant repetition and comparison 
of small-scale photographs of the 
sky have brought to our knowledge 
many hundreds of variables, and 
the number is being added to 
year by year Many thousands 
are now known, but of these only 
a few hundred have been ade¬ 
quately studied 

Something must now be said 
with regard to the methods em¬ 
ployed in the observation of var¬ 
iables and the deductions that arc 
possible from the data obtained 
The first requirement is a series of 
observations of brightness, made 
on different occasions, which shall 
give as nearly as possible a continu¬ 
ous record of the changes occurring in the star s apparent magnitude Naturally, if the variation is rapid 
the observations will require to be relatively more frequent The methods of measuring the magnitude 
of a variable are essentially the same as those used in the case of stars of li:xed brightness, but m choosing 
the one most suitable much depends on the type of variable concerned Those whose change of brightness 
is small and rapid require very accurate observation, and for these photographic means or delicate 
photometers, such as those already described, are necessary for the best results On the other hand a 
large number of variables change but slowly and through so wide a range of magnitudes (from one to 
SIX or more) that somewhat less accurate and frequent observations aie required In such cases, \/hich 
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A iiiivonv OK CKPiiruD 

It has been sujjjgcfeli’d that the Vauability obscivcd ni tUc Lcplicnls inii^ht l)c 
cxplainc<l by biipposmp; the nvolution of a shit with a dciist .ilinosphc u loujid 
somt daxk controlhriK mass, widely surrounded l>y a rtsisting nicdiuni The 
latter woulfl tend to brush back the stai’s ohscuiinK almobphtiL on the 
'‘forward^’ side, thus pnxlucmg an increase of hj'ht at the time when the 
motion IS dnected towards us This would c<jvcr the obscivccl coiitspondeiige 
between velocity and liRlit ehanjife 
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WGHT-CUKVe; of a “CIvUSTBR” cepheid 
C cphei<l variables have been, found iii relatively great numbers in some of the 
globular clusters Their periods are much shorter than those of the isolated 
stars of which 8 Cephei is the type, being only a few hours in length They have 
been relegated to a class of their own [t e , the “ Clustei ’’ Cepheids) by the 
arbitrary adoption of an upper limit of twenty-four hours for their periods 
Those of longer pciiod aie reckoned among the “ ordinary ” Cepheids 


include all the long-period '' 
variables, the magnitude is de¬ 
termined by simple eyc-estimates 
Such estimates arc not, however, 
absolute/' but are made by 
careful comparison with the 
neighbouring stars, whose light 
IS assumed to be constant The 
first thing to do, then, is to deter¬ 
mine once and for all the mag¬ 
nitudes of these '' comparison 
stars," and this may be done (in 
the various ways already de¬ 
scribed) either by the observer 
himself or by some public obser¬ 
vatory that is concerned with 
such work The brightnesses of 
the comparison stars for most of 
the better known variables have 
been measured at Harvard, 
Rome, and elsewhere, and are 
available for use by any workei 


requiring them Annul, then, 

with a chart of the field and a list of the magnitudes of the comparison stars, the observei 
IS now ready to commence work Two methods arc, in general, open to him The first, devised by 
Argelander, is known as the ‘‘ step " method, and consists m judging directly the difference in brightness 
between the variable and various stars as nearly as possible equal to it in brightness, using as unit the 
smallest detectable difference This unit (or step ") will vary slightly in value for each observer, who 
must find by experiment the value of his steps " in terms of the accepted scale of magnitudes In 
practice, experienced observers are so accustomed to the decimal division of magnitudes that they 
often make their estimate direct in tenths In other words, they are able with some certainty to fix 
the value of their " steps ” as 0^^ 1, and this simplifies matters considerably Otherwise each “ step " 
estimate has to be translated subsequently into its true value in terms of magnitude This '' direct" or 
" step " method is very efficient where the difference to be estimated is not great (say over 0^^ 5), but 
it often happens that none of the comparison stars is near in brightness to the variable, and in this case 
it is preferable to use the'' fractional " method, developed by E C Pickering at Harvard This consists 
in mentally dividing the interval of brightness between two comparison stars (one brighter and the 
other fainter than the variable) into ten or a smaller number of parts, and then estimating at what 
point in this scale the variable should be placed Thus, it may be estimated to be just half-way between 
the two, or two-thirds of the way from the fainter to the brighter, or three-fifths from brighter to fainter, 
etc , as the case may be The real difference between the two comparison stars is now referred to on 
the list of magnitudes and the value of these arbitrary subdivisions easily deduced 

Having secured a senes of observations, the next thing to do is to construct a ‘‘ light-curve " This 
is done in exactly the same way as a patient's temperature is recorded on a clinical chart, the magnitudes 
(like the temperatures) being plotted vertically and the time horizontally It is on curves thus drawn, 
coupled with contemporary spectroscopic observations, that all our knowledge of variable stars depends 
And the amount of information that can be derived from such apparently meagre data is not a little 
astonishing In a light-curve we have the means of studying three things (1) The amount, (2) the 
period, and (3) the character of the star’s variabihty The first two are generally obvious enough in a 
good set of observations, for we are dealing with a senes of '' waves " whose height at once gives the 
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range ot variation, and the length from ciest to crest its duration or period Often, however, both 
are themselves variable, so that a simple and final statement of the value ot either is not immediately 
possible But most important of all three features is the ‘ * character of the \ ariation 1 his i s deduced 
from the shape of the waves and of their component parts Obviously all intoimation deiiv able from a 
light-curve must necessarily be confined to the relations existing Iil tween change in light and time 
elapsed, but even within these limitations we are able to glean much detailed inioimalion, foi we can 
see by a glance at the curve whether the changes aie regular oi irregnlai, slow oi lapid, simple or com¬ 
plex, temporary or permanent All these factors are of value in enabling us to loim Iheoiios as to the 
true underlying cause of the variation, which is, of course, oui principal ob]C( tin ohservinglhesebodies 

We have seen in our preliminary description of a few of the earliest known xxiriables that thmc are 
maiked differences m the type of variation evhibited by diiferent stars fins leads to the necessity of 
attempting some kind of classification of the variables known to us, and, in fact, many such attempts 
have been made in the past The pioblem is by no means a simple one Undoubtedly the most i alional 
classification would be one that was based on the causes of vaiiation, but, since we .ue in most cases 
still quite Ignorant of these, such a classification is at present nnpossilile, though we look foiward to 
its realisation in the future We have therefon' to fall back upon lh(^ ]niuly apptuenl chaiacleiistics 
of the star, as exhibited m its light-curve and in the natuie oi its ladiation as levealed by 
eye and spcctioscopc No leally satisfactoiy dassihcation has yt't been nidde, and aclmitlc'dly <‘tich 
one is to some extent arbitrary 

The one here adopted is sub- i,,«.r.thm ,,1 iu ,,Lru,.i 

]eel to this defect It has proved S ^14 o 4.0 0 +02 -02 -0 


convenient in use, and is prob¬ 
ably m many respects a logical 
one, but much of it is still pio- 
visional and it must not be taken 
as indicating that we have finally 
put each of these mysterious 
bodies into its propu place 
Broadly speaking, variable 
stais can be divided into two 
main groups, according as their 
changes of light aie regular or 
irregular But at best the dis¬ 
tinction IS far fiom binng a iigid 
one, for while at one end of the 
scale we have vaiiations of abso¬ 
lute ugulaiity and at the other 
end changes which seem quite 
evidently devoid of all tine 
periodicity, there is a large 
number of intermediate giades 
which are neithei altogether reg¬ 
ular nor altogether iiregulai 
Thus in many that are m the 
mam regular there is something 
that ]ust disturbs their complete 
regularity, while in others which 
appear at first sight to obey no 
law there are certain features 
that indicate at least a slight 
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PUIUODS XNI) KhM, I.UMlNlXSrriUb 01 “LlyUvSTlUl” CimiUJDS 

Mciiiy of the Cephads aic sulliticnlly iicai to us to havt llicii (hsimccs incisuiLd 
with coiisidciable ticturacy hiom this wc can, huowniu: then appaiLiil Ini^'litniss, 
easily calculate llitir true oi “absolute ” luininositus Ihcsc lattci au iomid to 
bear a definite idation to the Icnpfth of the paiod, *is shown by the cnivc «ibc)ve 
Having established this, wc can rcvcisc the process, and deduce fioin the observed 
peiiod the ibsolute lummositics (and Ihcrcfroni the distances) of <inv star oi ihi^^ 
type Upon this depends oui knowledge oi the gieat distanees ol the cilobtil ir 

clusters 
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element of regularity For these reasons the mam biackets in the table below have been purposely 
made to overlap 

CLASSIFIC\TION OF VARIABLE STARS 

Character oj 

Vanahon Pertod 7 vp%cal Star 

I {a) '‘Dark'' Eclipsing Algol 

^{b) '' Bright'' Eclipsing P Lyrae 

Regular Short Period ] (c) Cepheids S Ccphei 

^d) Clustervariables Hundreds known in 

globulai clusters 

Long Period o Ceti 

[a) Faint with occasional rises SS Cygni 

[b) Bright with occasional falls R Coronac 

Irregular No dehnite period (changes I (c) Long continued irregular q Argus 

at long and short inter- changes 

vals) [d) Single gigantic outburst fol- Nova Peisei 

lowed by fading 

It now remains to gnt a brief description of the characteristics of each of the above types, with 
the various theories that have been accepted or suggested to account for the phenomena obst rAcd 
The first two classes on the list of Short Period Variables may conveniently be treated together, foi 
reasons which will presently appeal It so happens that they arc the only two types of whose cvplanatioii 
we are reasonably certain Wo will first of all consider the Algol variables A glance at the light-curve 
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r,IGHTOTR^£ OF SS CYGNI 

t^e of Megttlar variable is only rongUy periodic in its changes It is normally faint, but rises abiupUy at inegular 
intervals and to an unequaljoctent Two kinds of mavima, of long and shoit duration respectivelj, tend to occur alternate!v, 
but tills IS not a constant rule, as wiU be seen, bv inspection of the curve above 
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of the typical star (p 592) 

Will show that it indicates 
a generally steady condition 
of brightness broken by short 
abrupt falls at perfectly regu¬ 
lar intervals A plausible ex¬ 
planation of so simple a curve 
is not hard to hnd , in fact, 

Goodricke himself, as long ago 
as 1783, was not afraid to 
hazard the obvious suggestion 
that we are here witnessing 
the periodic eclipse of a hnght 
body by a dark one But, in 
the condition of astronomical 
knowledge at that date, this 
could only be regarded as a 
likely guess, and it has re¬ 
mained for modern researches 
to prove its correctness The 
light-curve shows that the 
loss of light during each 
fall amounts to two-thuds of 
the whole Evidently, then, 
the dark companion must be 
at least comparable in size 
to the bright star Now, this 
being so, the Law of Gravitation demands that we should nd our minds of the conception of a 
" stationary bright star with a dark star revolving round it,” for both, if comparable in si/c, must 
also be comparable in their rate of motion round their common centre of gravity Hence we 
should expect to be able to detect the orbital motion of Algol by a spectroscopic (examination of 
his light, according to Doppler’s principle , and this is exactly what we find, the light-curve and radial 
velocity confirming one another with perfect accuracy But we are still left somewhat m the dark with 
regard to the star's mysterious companion From Goodricke’s time up to 1910 it was always confidently 
referred to as a dark ” body, because when according to theory its turn came to be eclipsed by its 
bright neighbour no diminution of the total light could be detected, and it was therefore concluded that 
there was no light to be diminished However, the sensitiveness of the selenium cell enahled S tebbins 
to detect a minute fading, amounting to scarcely more than of a magnitude, at the point where the 
dark star must suffer eclipse This little fall is spoken of as the secondary minimum,” to distin¬ 
guish it from the principal decline, or primary minimum ” 

A large number of variables of the Algol type is now known, and a parallel study of their spectra 
and light-curves reveals many interesting details which cannot be entered into here It will suffice to 
state that we are able to form very close estimates of the diameters, surface-biightness, masses and 
densities of the two bodies involved in each case, and can determine the elements of their orbits and 
their inclination to our line of sight All these features are subject to certain diiferences as between 
one variable and another, but there is a general similarity between all those that have so far been 
observed Thus, all are white stais, with spectra ranging from B to F, the majority being of type A 
The periods are all less than thirty days, with the majority between one and hve days, and the total 
range of brightness is between one and two magnitudes All may be considered as a special class of 
double stars, with components of unequal brightness The ‘ ‘ dark ” component is, in general, somewhat 



CURVE on ETA AROtl^S 

This stai, which is not visible iii uorthein latitudes, is one of the most luiuirkablc van 
ables in the sky* its changes have been altogcthci capricious and appeal to be ni no 
sense periodic In 1841 it was for a time almost the brightest slai ni the heavens, but it 
IS now invisible to the naked eye, and has long remained between the seventh and 
eighth magnitudes with little variation Its spectriiin eonsisls of bright lines, aiul 
the star itself is situated in the midst of a gi eat netnila 
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the larger and less dense of the two, but it 
IS perhaps desirable to emphasise by repe¬ 
tition the fact that the darkness is 
relative only, many of these bodies having 
absolute'’ luminosities greater than that 
of our Sun 

Turning to the variables of which p Lyrae 
IS the type it might seem, from a casual in¬ 
spection of the light-curve on p 59S, that we 
were here dealing with bodies very different 
from Algol in their behaviour A closer 
study, howevei, will show that the diffeience 
IS not after all veiy great We have, as in 
the Algol stars, two mmiina, but m this case 
the second one is lelatively much more pro¬ 
nounced, and in ctitain cases is of piac- 
tically the same depth as the first But for 
this greater equality ot the minima thcie is 
no other outstanding difference betwt en the 
two types, except that m the |3 Lyrae stars 
the variation is confmitous, as is shown by 
the absence ot hoiizontal sections in the 
hght-ciirve The hist oi these differences is 
leadily explained by the supposition of the 
mutual eclipses of two bright bodies whose 
relative biilliance is to be deduced from a 
comparison of the deptli ot the minima 
This supposition has been abundantly con¬ 
firmed by the spectioscope, which leveals to 
us the piesence ot two bright stars in orbital 
motion round their common centre of 
gravity So far, then, wc may take these 
variables as difteiing from the Algol stars 
only in the relative brightness of the com¬ 
ponents But a further distinction is 
brought out by the continuity ot change 
already alluded to This could only be 
leasonably explained, in the case of spher¬ 
ical bodies, by their being m contact with 
one another, so that one eclipse would follow 
straight on the other , but a careful study 
of the curve shows that this is not so, and 
the difficulty has been got over by assuming 
each body to be elongated by tidal action in 
the direction of its neighbour In such a 
case the two would always turn the same 
face to one another, like waltzing partners, 
and the area of each presented to our view 
would be constantly changing m amount, 
thus producing the continuous variation 
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observed The known fact that 
the bodies are very close to one 
another serves to strengthen, and 
ev^en make certain this conclu¬ 
sion as to their distortion by tidal 
action Most of the Lyrae stars 
are white, like the Algols, and 
are of spectral types B or A 
Their periods are also of the 
same older, though on the aver¬ 
age somewhat shorter, and their 
range ol variation is generally 
slightly smaller 

In a previous chaptei lefer- 
ence was made to the existence 
of spectroscopic binaries in which 
eithei one or both of the com¬ 
ponents weie distinguishable It 
IS now generally held that Algol 
and (3 Lyrae are merely special 
cases of these two types of binary, 
distinguished fiom them only by the fact that the phinis of tlu‘ir oihits happen to he in oui liiu 
of sight 

The two remaining classes of shoit-peiiod vaiiables, “ Cepheid ” cind “ Chist( i,” ai(\ like the hist 
pan, best treated together , m fact, they may in many ways be considen'd as (‘sseiitially idenlKal in 
type They ditfer, however, from the eclipsing vanahles in seveial important u‘sp(‘cts In tlu‘ hist 
place their light-curves bear no resemblance to those of \lgol or [6 Lyiae, as will be seen by <in ins])ec tion 

()ftlie<uiv( ofS(i^phei(p 504),the 
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CONarJURioi) \ ARTABia^s on' “(,Konp t” (iuhijups) 

Ml Phillips’ chibbiliLaiion <»1, Jong peiiod vaiiiihks iccoidnig to Hit icstilts of 
liarmomc iiuilvsis itvtals the cmsIcull of Ivto “gioiips ” In Hit lust conic the 
sills which use and lall in nciily tciual times, with i Itndcncy to p<iiist diuing 
then intu isc of hi>;ht 
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nONCx PERIOD VAlUABkPS OF “ CxROUP II ” (PHIIJylPS ) 

Ihc stais bdongmg to this gioup arc chaiactui&cd by a lelativcly lapid use in 
light, toll owed by n imich more gradual tall Ihis is shown by the steepness of 
the “ wives ” on their lelt, or using, sides Ihe famous variable, Mira Ceti, is a 
member of this group 


stai that gives tlu^ class its namt‘ 
wt‘ have a continuous varia¬ 
tion, dial actei ised by a rapid rise 
iollowc’il by a giadual fall, and 
only one' dehniti minimum rixo 
periods ol the bnglilei ("epheids 
vaiy horn oiu' to about thirty 
(lays, but most arc' about a wts'k 
in length The lange oi variation 
does not, in giaimal, e'xceed one 
inagintude In (oloiir tht‘st^ stars 
au‘ yellowish, hc'ing mostly of 
ty])e (x, likeoui Sun, and tins fact 
selves to distinguish them still 
hirthei from the v<inables so far 
dcscrib('el A study of thi' hglit- 
turvc's alone is haidly a suliicie'nt 
basis tor theoiising as to llu‘ cause 
of Cepht id variation, and we must 
h<Te again a])peal to th(^ ewidence 
furnished by the spectroscope^ 
This instrument can do no more 
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than tell us that, ]ust when a Cepheid is at its brightest, 
something (either the star itself or its atmosphere) is 
approaching us, to recede again as the variable reaches its 
minimum Now there is still much division ot opinion 
among astronomers as to the interpretation of this, and 
we are still without a really satisfactory theory to account 
for the phenomena observed Many suggestions have been 
put forward but we will here mention only two The one is 
that we are observing a bright star revolving in a very 
eccentric orbit round a dark controlling body, while a 
resisting medium brushes away the star's atmosphere on 
the forward side, giving rise to its increase of light when 
approaching us Such a theory has seemed to many a little 
far-fetched , and there are several objections, one of which 
IS the invariable absence of “ eclipse " effects such as would 
be caused by the presence of a second body in certain in¬ 
clinations of the orbits To get over these difficulties we 
have the alternative suggestion of Shapley that we are here concerned with periodic pulsations in 
the atmosphere of a single star Until recently this explanation seemed almost as improbable as 
the other, but the interferometer measures suggesting a similar pulsation of the great star Betelgcuise 
make it appear less fantastic than it seemed at first At present, then, we can say no more with 
certainty than that the variations of the Cepheids are, like those of the eclipsing variables, closely 
associated with motion, but how far such motion is a cause or ehect of the variability we ’aie not 
in a position to tell 

The ''Cluster" variables are essentially Cepheids of short period and low apparent magnitude 
They derive their name from the circumstance that they are found in large numbers in some of the 
globular clusters Actually theie is no shaip dividing line between them and the Cepheids proper, but 


POSITION or NOVA PK^vSIvI 
Ihc bright new star of lOOl, which for a tunc 
was the most brilliant star in the iioitlicm sky, 
was situated m the constclLition Ptrscus, not 
far from the famous vaiiablc star Algol The 
nova is now only visible in a powciful telescope 
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TYCHO’S SI AH OF 1572 


This was one of the most bnUiant of the temporary stars, or 
Novae, ever observed Ivike others of its kind, it burst out with 
great suddenness m the couise of the Milky Way At its brightest 
it outshone Venus and was visible in full sunshine It soon began 
to fade, but could be seen with the naked eye for seventeen months 


Shapley has suggested an arbitrary distinc¬ 
tion according to period, classing among the 
Cluster variables all Cepheids whose periods 
are less than one day The great importance 
of the Cluster Cepheids has already been 
pointed out in Chapters XI and XIV, where 
we haveseen how the relation existing between 
their periods and absolute magnitudes has 
enabled us to estimate the otherwise im¬ 
measurable distances of the globular clusters 
The next class of objects on our list is an 
important one, for it embraces the great 
maj ority of all the variable stars known to us 
The Long-Period " variables, as they are 
generally called, differ in almost every par¬ 
ticular from the bodies just described An 
outstanding, though not perhaps the most 
important, distinction is that which gives 
them their name , for, while the stars so far 
described go through their changes in the 
course of a few days, or even hours, the 
periods of the variables we are now con¬ 
sidering range from 60 to over 600 days The 
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amount of variability is also considerably greater in nearly every case The total range of magnitude 
varies in different stars from ]ust over one to more than nine magnitudes There is a rough relation, 
between period and range, the latter tending to increase with the former The majoi ity have periods of 
between 200 and 400 days, and a total range of about hve magnitudes between ma:Mmum. and minimum 
Nearly all the long-period \anables are, unlike those of short-period, reddish stars of spectral type M, and 
it appears likely that most of them are giants There seems to be some vague relation between redness 
and length of period, the one increasing with the other These, then, are the more simple charac¬ 
teristics of the variables of long-period But when we come to evciminc the manner of their variation, 
as shown by their light curves, it becomes less 
easy to generalise An inspection of a few 
such curves will show where the difficulty lies 
We can say of the curves of Algol, (3 Lyrae, 
and S Cephei that they arc typical of all the 
stars m their respective classes, and wc can 
classify any one ot these by the characteristic 
shape of the curve alone But in the case ot 
the long-period variables tlicic are great 
differences in the shapes of the individual 
curves, so that we cannot point to any one as 
characteristic of the class as a whole And 
yet it seems certain, from other considera¬ 
tions, that we are dealing with stars that must 
be considered as of essentially one type If 
this is so, the differences obseived in the shapes 
of the curves point merely to the existence of 
factors which tend to modify the curves 
within certain limits, and produce at least an 
apparent subdivision of the class So tar, the 
most successful attempt to subdivide the long 
period variables on the evidence of their light- 
curves was that made by TER Phillips in 
1916 His method was primarily a mathe¬ 
matical one, audit is impossible to give it here 
m detail, but the simple principles on which 
it IS based are quite easily understood A 
repeating curve (such as those of the long- 
period variables approximately arc) may he 
assumed to be the summation of a number of 
subordinate '"waves"' or harmonics, the 
shape of the light-curve as a whole depending 
on the amplitudes and phases of these sepa¬ 
rate "waves" Now it is possible by a 
mathematical process known as '"harmonic 
analysis " to disentangle these factors which 

m combination produce the characteristic light-curve of a star, and the data thus derived are available 
as a means of classification Moreover, if two or more causes of independent variability of periods aic 
operating, they will modify the curve in what may appear at first sight a vc‘ry irregular way It 
IS possible to disentangle such factors too, and to hnd the period and amplitude of each Now, the 
light-curves of the long-period variables, though approximate^ regular, exhibit delinite departures 
from perfect similarity in their individual ""waves" These apparent anomalies show themselves 
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TYCHO OBvSlvRVlvS IIUS vSTAR 
The slai of 1572 was tiisl seen on Novuiibei 11, <in<l was 
probably “ dibcovcictl ” 1)y manj pusons simxilltiiiLously 11 is, 
however, always associated with the name, of Tvcho, who in.xde 
cl special slud 3 of it and wiotc i clolaikd desciiption which has 
come down to us Two faint telescopic stais still c\ist near the 
place which he dedneed foi the Nova, but it is not ceilain that 
uthci IS Klcntical 'With it 
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DISIRIBUIION OF NOVAE IN THE SKY 

loilvteo of the blighter Novae observed since 1572 Ihc ceiitial hoii/iinUnme lepicscnls 
the plane of the Milky Way, and it will be noted that the gieat majority of the Novae have been situated within or veri near 
this great stmeture, which is, in some places, about twenty degrees in breadth It has been ubseieed th it New stais tend to 
ippeai at the edges of the daik sp.iccs lathei than in the midst of the hi ight pai te of the C il i\e 


by slight differences of period and amplitude, and by modifications in the shapes ot the diffeiont 
undulations Such a condition ot things lends itself to study by analytical methods, and work on these 
lines by various investigators has led, m the case of individual stars, to the constinction ot lormulae 
that will cover the combined effect of some of these mter-acting periodicities Mi Phillips tieated the 
subject in a statistical way, analysing the mean light-cuives of a large numhci ol long-period variabk's 
harmonically As a result of his reseaich he was able to stale that the variables so Ireatc'd fell 
into two distinct groups, distinguished by certain mathematical relationships between the factors 
responsible for the shapes of the curves It so happens that these differing relationships produce a 
visible effect in the resulting light-curvc, so that the distinction can he readily grasped by the non- 
mathematical reader Bnefly, it may be said that m the variables of Group I the rise and tall of light 
occupy nearly equal periods, while there is a tendency towards the occuirence of a pause in the nsing 
portion of the curve In Group 11, on the other hand, the stars use in light inoiu quickly than they 
fade, so that the waves are much steeper on their ascending sides The diifcrence bt tween the two 
groups will he obvious from an inspection of the diagrams on p 601 

Nothing has yet been said as to the probable cause of variability m these stars As a matter of 
fact no reahy satisfactory theory has ever been put forward The spectroscope shows us that the 
variation of light, whatever its cause, is certainly not due to motion of the star as a whole, as was 
the case with Algol and j 3 Lyrae This seems to dispose of an old theory that the rise of light was 
due to periodic passage through a swarm of meteors On the other hand, the same instrument gives 
definite evidence of an eruption of hydrogen at a high temperature about the time of maximum 
brightness, and this fact, taken with others, has led to the general opinion that we must look to causes 
operating in the star itself for an explanation of the observed variability At present it looks as 
though some sort of pulsation or intermittent explosion due to accumulating excess of pressure were 
responsible, but we are far from having reached certainty on this point, and much further study of 
these bodies IS required An outstanding difficulty is the great magmtude of the changes as com¬ 
pared with the shortness of their duration What seems almost inconceivable is that a star should 
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increase its real brightness several hundred tunes in a few weeks and yet be able to return to its nor¬ 
mal condition m well under a year, as if nothing had happened One would have expected such a 
mighty change to he almost catastrophic in its results, and that rapid recovery would be impossible 
Yet, apparently, this is what happens 

We must now pass on to the so-called ‘‘ Irregular ’’ variables, by which we mean stars whose 
changes either appear altogether capricious, or take place at such unequal intervals that we are so 
far baffled in our attempts to find any governing principles underlying them Taking the second 
class first, we find two distinct types of variable of what may be termed a semi-periodic character 
They are, in fact, often classed with the long-period variables, though far less regular in their be¬ 
haviour Stars of the first type are normally faint, but undergo short lived increases of light at 
irregular intervals Sometimes, asmSSCygni (the typical star of this kind), two varieties of maxima, 
long and short, are observed, and these have a tendency to recur alternately, as will be seen from the 
curve on p 598 Usually the rise is more rapid than the fall, but this is not always so The second 
type of star is normally bright, but fades at irregular intervals, and often oscillates in its light before 
rising again R Coronae is typical of this class The invariable downward tendency of the changes 
IS suggestive of temporary obscuration by occulting matter, but it cannot be said that any satis¬ 
factory explanation has been given to account for the variability either of this or the first type Very 
few stars of the kind have so far been studied, but it seems that in range of apparent magnitude they 
closely resemble the long-period variables, though they are less unifonnly red, two at least being 
F type stars 

There remain certain stars which exhibit changes of an entirely capricious character Such changes 
may be great or small, rapid or slow, but they do not appear to be of a truly periodic nature Botel- 
geuse and a Herculis are examples of stars that occasionally pass through rapid changes amounting 
to less than one magnitude, while the best known instance of a slow and considerable variation is 
afforded by t] Argus This star, which is not visible in northern latitudes, was observed by Halley 
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From “ Vartable Stars ” [i5y C Furness 

I^IGHT CTJUVE of nova. mSRSBI, 1901 

mils curve shows the very abrupt initial rise of light, amounting to over twelve magnitudes in a few days ’ Then conies the 
tall, rapid at first but more gradual later The remarkable series of undulations during a part of the fall is clearly shown, but 
the latter part of the curve is much more smooth The vertical lines represent intervals of ten days 
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m 1677 as of 
the fourth mag- 
nitude Be¬ 
tween this date 
and 1800 it os- 
cillatcd be¬ 
tween this 
brightness and 
the second mag¬ 
nitude In 1810 
it began to rise 
rapidly, and 
reached zero 
magnitude i n 
1848, being 
therefoie at 
that time two- 
and-a-half 
times as bright 
as an ordinary 
first magnitude 
star There¬ 
after it steadily faded until 1870, when it had reached the seventh magnitude \t this brightness 
it has remained ever since with very little change Its spectrum is peculiar, and appears to consist 
entirely of bright lines The fact that this object is deeply involved m an extensive nebula is sug¬ 
gestive, and it seems more than probable that the changes in its light are in some way connected 
with this We shall later have occasion to refer again to this likely connection 

The variable stars with which we have so far dealt have at least one feature in common, apart 
from their variability, and this is the fact that they are, like the more normal stars, permanently 
visible in the sky Or rather, we can say that in nearly every case the average brightness of each 
has not altered appreciably since careful observations were first made of it But m the face of so 
much that is changeable, it is natural to enquire whether there may not be examples of stars which 
have peimanently disappeared, or of others that have come into being since the time when the Heavens 
were first accurately observed In other words, have we ever witnessed the death of any old star 
or the hirth of any new one ^ 

To the first part of this question it is difiicult to give any decided answer It is true that quite 
a large number of stars, mostly faint, recorded on charts and in catalogues m the past, are no longer to 
be found in the sky, and many have confidently asserted, on this negative evidence, that the death 
of stars IS a demonstrated fact On the other hand, every astronomer knows how very easy it is to 
make mistakes of recording and reduction, especially where a large number of objects is concerned, 
and, m fact, it is definitely known that in many cases such mistakes have led to the erroneous re¬ 
cording of stars which never existed Then, again, Uranus, Neptune, and various Minor Planets have 
frequently been observed as stars m the days before their true nature was suspected, and they are 
naturally now missing from the places in which they were seen at the time It is, of course, impossible 
to be sure that all the so-called " missing stars are to be thus accounted for, but, m default of better 
evidence, it would be unsafe to assert that any real disappearance has been definitely proved How¬ 
ever, now that the whole sky has been photographed so as to record all the stars down to quite a low 
magnitude, astronomers in the future will be in a far better position to decide such questions than 
those who had only the older maps and catalogues to go upon 



The general fading of this Nova h^^s long ago ceased, but its light is by no means constant will 
be seen from the above curves, which show its variations in 1921, 1922, and 19$^, it has a range of 
about two magnitudes and is seldom the same for more than two or three days together Ihe 
variability appears at first sight to be entirely irregular in character, but it is possible that further 
study may show that at least pait of it is strictly periodic 







splendour of the Heavens 


607 


But what of the second part of our question ? Have we any record of the birth of a star ^ To 
this we can give a much more definite, if somewhat qualified, answer We may say at once that 
there is no known example of a stellar body which has risen from invisibility to become visible to the 
naked eye, and so remained So far as we know with any certainty, all the stars which we can discern 
now without a telescope have been so visible for at least two thousand years, and probably for much 
longer On the other hand, there are numerous authentic records of the sudden appearance of bright 
star-like objects, which have remained visible to the naked eye for periods ranging from a few weeks 
to over a year, only to fade once more into complete obscurity Such obj ects arc referred to as '' New'' 
or “Temporary stars, and in recent times have been more commonly described as Novae Several 
are recorded as having appeared in the days before the telescope was invented, and of these we naturally 
know less than we do of those which have appeared since then The one of which we have the fullest 
account was also one of the most remarkable, and is worthy of mention before we pass on to more 
recent appearances This star blazed out with great suddenness in the constellation Cassiopeia in 
1572 Like other bnght novae, it was probably noticed by a large number of people almost simul¬ 
taneously, but it is always associated with, the name of Tycho on account of the thoroughness with 
which he studied it In fact, he wrotO^a detailed monograph describing his observations, and this 
has come down to us When Tychq* jirst saw the star, on November 11, it was already brighter 
than Jupiter, but its light increased still further, so that it was within a day or two equal to that of 
Yenus, causing the body to he visible to the naked eye m broad 4aylight After'tins it faded gradually, 
passing throiogh several changes of colour, and was lost to view after being visible altogether for 
seventeen months 


It IS impossible to 
say with certainty 
whether or not it 
still exists as a 
visible object 
Tycho’s rough in¬ 
struments were 
not equal to the 
determination of 
its position with 
great accuracy 
Two stars of about 
the twelfth mag¬ 
nitude arc to be 
seen now neai the 
place he deduced 
from his observa¬ 
tions, and it may 
be that one of 
them IS identical 
with the great no¬ 
va, hut we cannot 
be sure 

Another brilli¬ 
ant nova appeared 
in the year 1604 
but from that time 
until 1901 no 
object of this 



iNi:i,iiUlyObIUY SunnOUNTDING NOVA PURST^n, 1901, STCPHSMBnit 20 

0«tl5ursl of Nova Pusci, m Tebruary 19(11, pholoKraplu of long exposure 

‘Star It was soon found that the 
L i'" wc niovmg stcidily outwards and at the sanu tunc bcxxnning fainter 

this motion of the nebula is best seen by noting the position, in this .md Ihi sueieeding photograph, 
of the bright “ horn at the upper nghl-hexnd edge 
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kind was seen to reach the first magnitude, though several fainter ones were observed But already 
in the present century we have witnessed the appearance of two brilliant novae, each considerably 
brighter than the limit above mentioned The first appeared in February 1901, in the constellation 
Perseus At its mavimum brightness it outshone Capella and Vega, and was for a short time the 
most brilliant star in the northern hemisphere Thereafter it faded rapidly, and was lost to naked- 
eye vision after a few months A still more splendid nova was seen m Aquila in 1918 It was first 
observed on June 8, when it was about as bright as Altair, but by the following night it had become 
very much brighter, reaching magnitude - 1 0 It was thus inferior to Sinus alone of all the stars 
Like Nova Persei, it soon began to fade, and was not visible without a telescope after the lapse of a 
few weeks Several less conspicuous novae have been observed in the past eighty years, hut space will 

not allow of a description of 
each In all, forty-four objects 
of this kind have been recorded 
since 1572, though this number 
does not include certain very 
faint temporary stars lately 
found in some spiral nebulai 
Several of these forty-four were 
found on photographs at Har¬ 
vard some time after then first 
outburst of light, so that it was 
too late to study their full hfe- 
history Flowever, many of the 
brighter ones attracted imme¬ 
diate attention from the earliest 
days of then visibility, and two 
or three have even been caught 
while still undergoing their 
rapid initial increase of light 
A study of these has revealed a 
marked siinilanty in behaviour 
and general characteristics, so 
that a single description, with 
certain modifications in indi¬ 
vidual cases, will cover the 
facts so far observed with re¬ 
gard to these novae It is tiue 
that we have as yet studied too 
few of these bodies to enable us 
to decide how far all or any of 
the following characteristics are 
invariable, but the frequency with which they have been observed points to the existence of some 
general law 

A distinguishing feature of the novae, and one of the earliest to be observed, is their stnkmg dis¬ 
tribution in the sky, for, with one or two doubtful exceptions, they have all appeared in or very 
near the Milky Way They seem also to have a tendency to he situated at the borders of compara¬ 
tively darK spaces m this great structure, rather than in the midst of the brighter portions The 
possible significance of this will be referred to later 

It IS natural next to enqxure whether the so-called novae are really "new’’ stars or merely tem¬ 
porary hrightemngs of bodies already existing in a fainter condition In the case of the earlier novae. 
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ICEBUnOSiTY SURROUN-DING NOVA»PERSEI, 1901, NOVEMBER 13 
This photograph, taken nearly two months aftei the first, shows the movement and 
fading of the nebulosity It is now believed that we were observing, not the 
movement of matter, but the successive illummation of different parts of a dark 
nebula by the original outburst of the Nova No other theory could account for 
the prodigious outward velocit> indicated, having regaid to the short interval and 
the demonstiably great distance of the star 
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it IS impossible to give a definite answer to this, since the heavens were then so poorly surveyed, especi¬ 
ally with regard to the fainter stars We can only say that none of these novae appeared exactly in 
the place of any recorded star But we can speak with gieater certainty with regard to more recent 
outbursts The first nova to be identified with a known star was that which appeared in Corona 
Borealis in 1866 This object had previously been recorded as a faint star of magnitude 9 5 by Argc- 
lander, and is the only example of a nova previously recorded by visual means It is, however, 
doubted by some whether it should be considered a typical nova at all But in the case of novae that 
have appeared during the past thirty years, we can appeal to the valuable evidence of photogiaphy 
During this period the whole sky, or at least the major portion of it, has been photographed again 
and again with instruments of various size, and it is only necessary to refer to these peimanent and 
truthful records in order to ascertain whether any fresh nova corresponds m position with a star 
already photographed The result of such comparisons as have hitheito been made has been to show 



P1<.0GRESSIVJC SPJUCri<.A OP NOVA CY(5NI (1920) 

Spectrum No 1 is that of Alpha Cygiii The remainder aic of the Nova iii oidei of clevelopinLiit, the. whole senes 
covering an mterval of about one month No 4 corresponds veiy neaily with the cpodi (j 1 in.ixmmin InilliaiKy, and 
theieafter the inaiked development of the biight-line spectrum and the dibapiKcuancc of the ubsoiptimi (ihirh) lines 
IS well brought out The great width of the blight Hydrogen lines, doiiniiciting vSpeelrinii No H, will be noted Ihis 
seems to indicate a shell of that gas lapidly expanding in all directions 

that in the cases of at least three bright novae—those in Perseus, Laceilci,and Aquila (1918)—fault 
stars have existed for many years in the exact positions occupied by them at the time of their out¬ 
burst In the remaining cases the failure to find any trace of a star may either mean that none was 
there, or that it was too faint to be recorded by the instrument and exposure employed in the earlier 
photographs 

The behaviour of the novae that have been best observed may be summarised as follows The 
great initial increase of light which draws our attention to them is exceedingly rapid and abrupt 
The whole of it, amounting often to between ten and fourteen magnitudes, takes place within a space 
of less than a week, generally from two to five days During this time the nova is pure white m colour 
and its spectrum is almost continuous There are, however, a few faint dark lines in it, and these 
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increase in number and intensity up to about the time of maKiraum brilliancy, when the spectrum is 
of a modided A type, rarely found among ordinary stars, but exemplified by the case of or Cygni 
Many of the daik lines are due to hydrogen, and they are greatly displaced towards the violet end of 



Pair of Stars di&torted and coniuig into impact 






Two Variables and a Temporar:^ Star 


A W Bwkertm2 [‘‘Strth of WoiUs md Systems ’ 


BICKERTON’S “ THIRD BODY ” THEORY OF 
NOVAE 

Professor A “W Bickertoa believes that the appearance 

of a New Star is to be accounted for by the partial or 
pazing, unpact of two dark suns The result would 
be the formation of a third body, composed of the 
grazing portions of the stars The energy of motion of 
the latter would be largely converted into heat and 
the third body thus formed would be of an explosive 
md therefore temporary, character Such an explana’ 
tion IS consistent with many features of the nova 
Spectrum 


the spectrum At this point the no\ a begins to tade 
pretty rapidly, and its colour becomes somewhat 
yellowish The spectrum now contains a numbei of 
hydrogen lines, each of great breadth and scarcely 
at all displaced That is to say, they lie on the red side 
of their dark companions, seen previously Meanwhile 
the continuous background of the spectrum is fading, 
throwing the bright lines into gi eater prominence Two 
or three days after maximum a fresh series of dark lines 
appears, still more displaced than the first, and the 
appearance of these is in turn followed by an inciease 
in the intensity of the un-displaced bright lines Soon 
after this the dark lines fade out, cliiefly through the 
practical disappearance of the continuous spectrum, and 
the bright lines now dominate the spectrum The 
colour of the nova has meanwhile become decidedly 
ruddy, owing to the great brilliance of the red line of 
hydrogen Within two or three weeks of maximum 
there appears a fresh set of bright lines, and these aie 
found to be identical with those observed m planetaiy 
nebulce As these grow in prominence the hydrogen 
lines slowly fade, and within a few months the spectrum 
IS typically nebular in character The nova has now 
lost its ruddy colour and appears greenish-white 
Finally, the continuous spectrum partly leappeais and 
the spectrum in this last stage is almost exactly that of 
a “ WoU-Rayetstar By this time the nova, now 
sensibly white m colour, is only visible with a telescope, 
hut it continues (now more slowly) to fade, until, after 
the lapse of five to ten years, it has reached a stationaiy 
condition as regards its mean brightness The point 
thus reached appears to he almost exactly that from 
which the original rise took place, but in saying this we 
are only judging from the three objects that have been 
definitely recorded by photography m their “ pre-nova " 
condition During the early part of their fall most 
novae exhibit marked fluctuations of brightness of a 
semi-periodic character, but these tend to become less 
marked in the later stages However, several novae— 
notably those in Perseus (1901), Ophmchiis (1848), 
and Cygnus (1876)—continue to vary in an apparently 
irregular manner, though their general fading has long 
ago ceased 

An explanation that will cover all the phenomena 


I theories have been put forward, each capable of explaining some 

0 t e observed facts, but leaving others unaccounted for Upon one point there is general agreement 
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The gicat suddenness and magnitude of the initial outburst, coupled with the spectroscopic evidence, 
makes it practically certain that we are witnessing an explosion of some sort INo other description 
could well apply to such a colossal and rapid release of energy The difficulty lies in hnding the pro¬ 
bable cause of the explosion The explanations suggested tall under two heads, according as they 
account for the explosion as spontaneous or as due to outside influences As to the probability of a 
spontaneous explosion, very little can be said in the present condition of our knowledge It has, 
however, recently been suggested that under certain conditions of temperature and pressure a star 
may gradually reach an unstable condition which would eventually lead to a sudden violent disrup¬ 
tion If such an event could be shown to be really probable on physical grounds, it would provide 
a very simple explanation, but at present it cannot be said to be much more than a vague conjecture 
The theories more commonly held have postulated some sort of celestial collision This is in 
principle quite an ancient idea, but it is only within the past fifty years that pains have been taken to 
elaborate it in any detail The two chief "collision ” theories put forward are due respectively to 
Professors Bickerton and Seeliger Each contemplates an entirely different type of collision Bickcr- 
ton believes that two dark stars (or a bright and a dark one) come into grazing impact, the result of 
which IS the production of a third body composed of portions of each torn off during thegra/,e Such 
a body would undoubtedly be 
veiy hot and explosive, and 
might well exhibit the phenom¬ 
ena associated with a nova 
Starting with this assumption, 

Piofcssor Bickerton, whose 
theoiy was first published in 
1879, was able to predict many 
features since observed in the 
spectra of novae, but it should 
be noted that the spectral 
changes, which he was the first 
to explain as due to a great 
explosion, do not by them¬ 
selves prove what was its caiise 
It IS upon this crucial point 
that astronomers have enter¬ 
tained serious doubts These 
have been based principally on 
the 1 datively great frequency of novae as compared with the iinprobahility of collisions oecui iing among 
stars so widely scpaiated as those which we have been able to obsei ve We do not, of course, know how 
many dark, and therefore invisible, stars there may be, and tins rather weakens the ob]c‘ction, but it is 
generally felt that the number would need to be improbably great to allow of so many collisions as seem 
to have been observed To the writci it seems that a moie seiious objection is to be found in the redurn 
of at least three novae in a few years to a level of brightness exactly equal to that from which they rosc^ m 
the first instance It is difficult to see how this could happen to any of the bodies concerned in a violent 
stellar collision Moreover, m the case of Nova Persei we have, in addition, the peisislence of the same 
degree of irregular variability as was recorded photographically before its outburst Thesc^ facts would 
seem to suggest that the explosive process took place in some body othc^ than that which, visible^ befoie, 
lb still to be seen apparently unchanged Possibly it may have had its origin m a body which made 
a close approach to the permanently visible star and thus suffered a disruption due to tidal effects 
The theory of Stehger is that a nova represents the effects of the passage of a star through a dark 
nebula, the phenomenon being somewhat analogous to the sudden rise in the temperature of a meteor 
on enteimg our atmosphere If the resistance were great there would undoubtedly he an enormous 
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NOXXIC IN A vSPIRAT, NIcBUI.A 

In rcctiit ycaib many st<u like objects of a Iciiipouuy cluiiailci have been found on 
photographs of cutam spnal nebulae Xhe assiuiiplion Unit these Icxiipoiaiy “ stars 
are of the same ordei of leal iHigliiiiessas the Clalaetn. Nov ic would mdn. Ue (.iiomious 
distances and si/cs foi sneli nelniLe, and astronomeis in gtneial now tend to the 
opinion that the objects <iic not typical nov«ie llie iiliologxaphs abo\c show two 
tempor iry olijects that appealed in the suiie lulniLi at diffcunt limes 
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increase of temperatuie and 
pressure, such as might lead to 
the e\plosnc effects obseived 
It has, however, been doubled 
whether the density of any 
nebula, bright or dark, could be 
high enough for the purpose 
Moreover, it would need to have 
an unusually abrupt boundaiy 
to produce such a sudden re¬ 
action in the penctiating star 
Another difficulty is the bievity 
of the whole process as com¬ 
pared with the enormous thick¬ 
ness of most nebuhe This can 
only be explained if we assume 
that the nebula has a density 
sufficiently gieat to distioy the 
entire motion of the star within 
a few days, which seems impiob- 
able On the other hand, we 
have good evidence that novae 
are in some way connected with 
nebulosity To begin with, they arc very apt to appear in those regions of the Milky Way occupied 
by dark obscunng clouds, and, as already mentioned, they are often seen near the edges of these 
Then, in the case of Nova Persei, the blaze ol the star actually lit up for a time a previously invisible 
nebula surrounding it So we have good reason to believe that there is more than a chance connection 
between novae and nebulae, and the case of t] Argus, in many ways so like a nova, lends additional 
weight to the supposition It was at one time beheved that novae were altogethci exceptional pheno¬ 
mena, but the experience of the past thirty years has led us to moderate this view very considerably 
From' a statistical study of the discoveries of these bodies made by photography at Harvard, Bailey 
has recently concluded that one or two novae reach naked-eye visibility every year (though few are 
actua l ly caught), and that at least nine attain the ninth magnitude in the same period From this 
he goes on to conclude that in the course of a few million years there would be as many old novae 
m the sky as the present number of visible stars, and he suggests that every star which we now see 
has at some time or other been a nova This is, perhaps, going too far At any rate, it is difficult 
to see wheie, in the accepted course of a star’s life-history, there can be room for such a stage In 
this connection it may be mentioned that Lundmark has recently pointed out the probability that 
novae arise fiom both giants and dwarfs , which makes it still more difficult to find their correct place 
in the scheme of things 

In recent years a number of temporary star-like objects have been photographed m several of the 
spiral nebula It is somewhat doubtful whether they are to be looked upon as being comparable in 
size and type with the bodies jUst described In any case, they are extremely faint, and the data avail¬ 
able concerning them are necessarily meagre We have little detailed knowledge of their light-curves 
and none whatever of their spectra Their possible significance in relation to the distances and nature 
of spiral nebulae is discussed elsewhere in this Work 



EXRTvY lylCrlli CljR\ Iv OF NOVX CYGNI III (1920) 
riub Nova was first seen, by Mi W F Denning, on August 20, when it had already 
risen to magnitude 1 5 At its iiiti's.imuni, foui days later, it was a little brighter 
than the sceond magnitude Subsequently, its image was found on photographs 
taken on August 16 and 19, at Copenhagen and Harvard respectively, but no earlier 
photogiaphb iceoid any stai as bught as the fifteenth magnitude m the place of 

the Nova 
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CHAPTER XVT 

THE STRUCTURE OF THE UNIVERSE. 

By Hector Macpherson, MA,PhD,FRSE,F RA S. ' 

A [KNOWLEDGE of the construction of the heavens/' wrote Sir William Herschel m 1811, 
has always been the ultimate object of my observations " It may be truly said that 
to know the structure of the Universe is the ultimate object of modern astronomical 
reseaich How large is the stellar system ^ What is its shape ^ What is the place of our Sun in 
that system ^ Are the Sun and stars in motion round some centre and in a certain plane ^ How are 
the stars distributed ^ These are some of the questions which must be answered before the problem 
of the Universe as a whole can be solved 

At first sight the problem appears to be well-nigh insoluble When we lift our eyes to the heavens 
on a clear moonless night, we see an apparently innumerable multitude of stars of all degrees of 
blight ness In reality, however, only about three thousand, from the first to the sixth magnitude, 
can be seen by an observer possessed of average eyesight from any given locality on the Earth's 
surface Even the casual observer is bound to notice that the stars are very unequal in brightness, 
and if he takes more than a passing look at the sky, he cannot fail to observe that the three thousand 
stars visible to the unaided eye are very unequally scattered There are large spaces comparatively 
starless, such as the interior of the great square of Pegasus, while there are regions of the heavens 
—the area covered by 
Orion, Tain us, and Gemini, 
for instance—^where bright 
stars are numerous and 
taint stars are piofusely 
scattered Further, there 
are small regions where the 
stars ai e so closely crowded 
that they are designated as 
clusters The more promi¬ 
nent of these, easily vis¬ 
ible to the unaided eye, are 
the Pleiades and Pracsepe ^ 

The most prominent 
teature of the sky, ho we vei, 

IS the Milky Way, or 
Galaxy , a broad irregular 
belt of misty light which 
spans the heavens like a 
great arch The Milky 
Way is to be seen all the 
year round, but is m north 
latitudes specially promin¬ 
ent in autumn, when it is 
almost perpendicular to 
the horizon The galactic 
stream encircles the entire ^ Mbu^umurst, * 

heavens, traversing the siars visibIvU to thk unaidje^d byb) in this northixicn hemisphhre 

r-nnef nin cha.it, constiucted by the late Mi J B Gore, indicates the positions and magnitudes 

consiciiaiions ocoi pio, visible to the naked eje north of the celestial equatoi This, of course, does not 

OphlUChus, Sagittarius, include all the stais visible m Gieat Britain 
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1 liible Untveisc ” 

ST ills AISIBTIX 10 THK: UNUDED EYE IN THE SOUTHERN 
HEMISPHERE 


Aquila,Cygniis, Cepheus, Cassiopeia, 
Perseus, Amiga, Gemini, Monoceios, 
Cams Major, Crux, Ara, and Cen- 
taurus It vanes greatly in width 
and in brilliance While blight m 
Cygnus and Aqiula, it is, generally 
speaking, more brilliant in the 
southern skies than in. the northern 
The late Mr Gore, a very careful 
observer of the Galaxy, maintained 
that ‘‘ there is no portion, of the 
Milky Way m the northern hemi¬ 
sphere at all comparable in brilliancy 
with the clouds of light in Sagittarius 
andScorpio,''and Colonel Markwick, 
another careful student, writes that 
the Milky Way about the neigh¬ 
bourhood of Lupus, Ara, and Norma 
is a wonderful spectacle, full of a 
mysterious weirdness, with its 
delicate cloud-hke wisps of light and 
dark passages twining in and out 
among the stai mist To my mind 
there is no part of the northern 
Milky Way to compare to this 


This chail, constiuctcd by the late Mi J E Goie, gives the pobitioiis and Making due allowance foi the hne 
magnitudes of tlic stars visible to the naked eye south of the celestial equatoi atmnc;nbpnr 

Ihe stream of the Milky Way is, indicated on this and the piecedmg chart S-T^niOSpneriC Conditions in SOUtUcrn 

latitudes, there can be no doubt that 
the galactic stieani is broader and biightcr in tbe southern celestial hemisphere It is by no means a 
uniform belt of light For about a third of its extent, from Cygnus to Scorpio, it is divided into two 
parallel streams Starless areas are not uncommon in the stream The most piomment of these is 
the dark space known as the coal-sack,’' in the vicinity of the southern constellations Ciux and 
Centaurus But there are many othei vacancies and rifts, the most noticeable in noithern lititudes 
being those m Cepheus and Cygnus 


The Galaxy has been familiar to observers since the dawn of astronomy, and was the subject of 
much speculation among the early thinkers, some of whom went very wide of the mark Thus, 
Anaxagoras believed it to be the shadow of the Earth , while Aristotle attributed it to atmospheiic 
vapours The Latin poet Ovid wrote of it When the sky is clear a path of very radiant white 
colour may be seen in the Empyrean It is called the Milky Way and along it the immortals repair 
to the august dwelling place of the Lord of Thunder ” To one penetrating Greek philosopher, 
Democritus, IS due the credit of advancing the true theory, that the misty light is caused by the combined 
light of myriads of small stars, too faint to be separately visible This happy guess—for it was 
nothing more—was abundantly confirmed when, in 1610, Galileo turned the newly-invented telescope 
to the Galaxy and resolved certain clouds of light into groups and clusters of faint stars Even in a 
telescope of moderate size, the star-fields of the Galaxy can only be described as magnificent Star 
upon star, serried ranks of stars in streams and clusters, blaze upon the vision of the observer 
More powerful telescopes indicate stiU greater profusion and complexity while the revelations of the 
photographic plate are still more wonderful Dr Chapman and Mr Melotte, in their description 
of the Franklin-Adams plates, remark that one particular plate covers the Sagittarius region of the 
southern Milky Way, and the star-clouds on limited portions of it are so thick that in the case of 
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twelve out of the twenty-fiv’e aieas counted on it, it was found impossible to count every star shown , 
the images of the faintest stars in these regions merged into one another, forming a continuous grey 
background On every other plate of the Franklm-Adams senes even the faintest star images shown 
were separate and distinct, and the counts included all stars visible The extreme richness of the 
Sagittanus region may be judged of, then, when it is noticed that the incomplete counts on it show 
far more stars than are found in any other part of the Milkv Way ” 

The Milky Way, then, is fundamental to the entire system of the stars It is, as Professor Seeliger 
truly says, '‘no mere local phenomenon, but is closely connected with the entire constitution of 
our stellar system ” The galactic plane is the fundamental reference-plane of the stellar system— 
the “ ecliptic of the stars The Gala\.y is a great circle of the celestial sphere, which shows 
conclusively that the Sun is situated within it and not far from the plane 

There are three possible explanations of the Milky Way Either it is (1) purely an optical 
appearance, due to the fact that the stellar system extends much farther into space along the 
plane than in the direction of the poles, or (2) it is an actual region of clustering where the 
stars are, lelatively speaking, closely crowded together, m which case it is not a stratum, but a 
ring , or (3) it is due both to extension m space and to clustering 

The first of 
these explana¬ 
tions was adx^anc- 
ed by Sir William 
Herschcl at the 
beginning of his 
monumental 
work on the con¬ 
struction of the 
heavens His 
hypothesis — the 
disc theory—had 
been, it is true, 
advocated in 
1750, by Wright, 
of Durham, an 
ainateui astron¬ 
omer of considei- 
ablc insight, and 
also by Kant and 
Lambert But it 
was put forward 
by these thinkers 
as a mere guess, 
unsupported by 
observational 
evidence In 
1784, m his pie- 
hminary paper 
on the subject, 

Herschel indic¬ 
ated how the 
problem could be 


1 )oin -isihnunnv fin III J \iJy ptruiis'iion oj Mtssis ( assill ir C o ^ Lid 

llin: NrOR'lIlH,RN' ]Mn,KX wxv 

I his diagram indicates llic couist of the Milky V iii the iioitheiii celestial hciiiisrheie Ihe gieiter 
breadth and brightness of the stream in Cvemus and \quila will ht noheed ihe depth of the stratum 
ippcars to be least in the direction of Xuriga, Genniii tiiid XIonoetios Hence the stream is iiariowfr 

nnd less biilliant 
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attacked on scientific pimciples Hib work as a telescope-maker had greatly increased the 
space-penetrating power of this instrument and made possible his method of stai-gauging This 
method, to quote his own words, consists in repeatedly taking the number of stars in ten fields of 
view of my reflector very near each other, and by adding their sums and cutting off one decimal on 
the right, a mean of the contents of the heavens, in all the parts which are thus gauged, is obtained 
These gauges indicated remarkable differences in the star-density in various parts of the heaAens 
In the most crowded parts of the Milky Way Herschel occasionally counted as many as 588 stars 
in a field of view, while in other regions, removed from the galactic plane, he came upon practically 

starless spaces He 
noted particularly 
the '‘remarkable 
purity or clearness 
in the heavens 
towards Leo, 
Virgo, and Coma 
Berenices on the 
one hand, and 
Cetus on the 
other That 
Herschel in these 
regions undoubt¬ 
edly penetrated to 
the conhnes of the 
stellar system was 
proved many years 
afterwards by 
Professor Celoria, 
the late director of 
the Brera Obser¬ 
vatory, in Milan 
In the course of 
his star-gauges at 
the north galactic 
pole Celoria found 
that with his small 
refractor, showing 
stars only down to 
the eleventh mag¬ 
nitude, he could 
see exactly the 
same number as 
could Herschel 

with his large reflector This observation indicated that in this direction the limits of the galactic 
system had been reached Otherwise Hexschel’s telescope would have shown many more stars than 
that of Celoria 

On the assumption that the stars were scattered throughout space with some approach to 
uniformity and that the gauging telescope was sufficiently powerful to penetrate to the limits of 
the stellar system, Herschel interpreted his observations to mean that the system extended to a 
much greater length along the plane than in the direction of the galactic poles , and by means of his 
gauges he was enabled to outline the general shape of the system and to make a rough estimate of 


From “ isironomy for All ’ ] [By perim<^sion of Cassell ir Co Ltd 

THK SOUTHERN MII^KY WAY 

This diagram gives an idea of the irregularity of the light of the Milky Way, and the many rifts and 
vacant spaces which occur m the galactic stream It is generaUv conceded that the Milky Wav ismoie 
brilliant in the southern hemisphere than m the northern. 
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the scale on which it was constructed He sketched the system as a thin cloven disc of irregular 
outline, the cleft representing the division in the Milky Way stream from Cygnus to Scorpio 
Herschel now proceeded to fix the position m the system of the Sun, which was viewed by him as 
a star of the Galaxy The position assigned was near, but not quite at, the centre, slightly closer 
to the north galactic pole than to the south, and nearer to the boundary of the system in Aquila than 
to the boundary in Cams Minor The stellar system was viewed as strictly limited m extent Our 
nebula,Herschel wrote, 'Hs a very extensive branching compound congeries of many millions of 
stars 

The name " our nebula was m itself suggestive Herschel had been highly successful in 
resolving into stars the cloudy spots called nebulae'" which the French astronomer Messier had 
catalogued in 1783 At this stage Herschel confidently believed that all nebulae were clusters of 
stars at great distances in space, and that those which still defied his telescope would be resolved by 
more powerful instruments These nebulae he believed to be other Milky Ways , the terms nebula " 
and "Milky Way" he treated as interchangeable, and he divided these nebulae, or Milky Ways, 
into four classes or '' forms," the forms differing m the degree of condensation or clustering " We 
inhabit," he wrote, " the planet of a star belonging to a compound nebula of the third form " This 
nebula he viewed as strictly independent of the others—each system forming an island m ^pace 



IIlCRSCIIEI, S DISC THIvCKX 

Sir Willum llcibchd in liih cailici pipus on the coiislmctioii ol the XJnivcise, skclcliecl the vSlellai System as a thin Il.it 
disc On this hypothesis, the phciiomciinn of the Milky W'uy is purely optical, due. to the vast extension ot the systeni 
alont^ the plane 1 lie position oi thi Sun, on Ilcrsehcrs ori},unal view, is nidieatcd by the laiejc stai to the light of the eentie 

It IS true, he said, " that it would not be consistent confidently to affirm that we were on an island 
unless we had actually found ourselves cvorywhcie bounded by the ocean, and theiefore I will go 
no further than the gauges will authorise, hut considering the little depth of the stratum in all 
those places which have been actually gauged, to which must be added all the intermediate parts 
that have been viewed and found to be much like the rest, theic is but liLtle room to expect a 
connection between our nebula and any of the neighbouiing ones " 

In the course of subsequent investigations, extending until 1818, Herschel was led to modify his 
views to a considerable extent He had assumed that the stars were scattered with some approach 
to uniformity, but this was never more than an assumption In 1785 he diew attention to what 
he called " two or three hundred gathering clusteis " in our system, and he was led step by step to 
the view that the Galaxy was not a collection of myriads of " insulated stars " evenly scattered, but 
was rather an assemblage of clusters "This immense starry aggregation," he wrote m 1802, " is 
by no means uniform The stars of which it is composed are very unequally scattered and show 
evident marks of clustering together into many separate allotments" At the same time he had 
become convinced that many of the nebulae were gaseous masses, and was thus led to give up Ins 
hypothesis of island universes It has been maintained that he abandoned the disc-theory In a 
certain sense he did If by the disc-theory we mean the hypothesis that the stellai system is composed 




620 


Splendour of the Heavens 



I,OE.D ROSSE’S GRE^T XEI,ESCOPE 

O'hc gij?cinlic icllcctoi which the thud Earl of Rossc uectcdoii his estate at Pai sons town, in 
Ireland, in 1845, was foi many >cars one of the world’s woiidcis The diameter of the 
miiror is si\ feet Ihe usctiilness of the tdcscopc was much impcuied by its location in 
the unfavourable climate of Ireland 

abandoned the first of the three possible theories of the Milky Way and, 
a new hypothesis, inclined to the third alternative 


ot m^/iiads of c\cnly“ 
distributed stais, then he 
may truly be said to have 
abandoned it It by the 
disc-thcory we mean, how¬ 
ever, that the stellar system 
extends much faithti in 
the direction ot the plane 
of the Galaxy than in that 
of the galactic poles—^that 
the stellar system is not 
globular, but more or Uss 
fiat and disc-shaped'—then 
Heischel cannot be said to 
have changed his opinion 
His final conclusion indeed, 
was that the system was 
even more extended m the 
galactic plane than he had 
formerly believed “ The 
utmost stiotch ottlie space- 
penetrating powei ot Ihi 
twenty-foot telescope, ’ he 
wrote m 1818, “ could not 
fathom the profundity ot 
the Milky Way ’ It may 
indeed be said that Heischel 
while not actuallv foi niuLiting 


The second alternative that the Galaxy is a ring of comparatively small stais encircling a 
stellar system of comparatively small dimensions—^was not without able advocates in the latter 
part of the last century The late Mr R A Proctor, one of the most brilliant astronomti s of his 
day, noticed that the brighter stars seemed to concentrate to the galactic plane as well as the fainter 
In 1870 he plotted on a single chart all the stars—324,198 in numbei—contained in Argdander’s 
Dimhmustemng or survey of the heavens This chart biought out not only the progressive mcreasc 
of the faint stars towards the Galaxy, it indicated that, in Proctor's words, in the voiv legion's 
where tho Herschelian gauges showed the minutest telescopic stars to be the most ciowded, 
my chart of 324,198 stars shows the stars of the higher orders (down only to the eleventh magnitude) 
to he so crowded that by their mere aggregation within the mass they show the Milky Way with all 
its streams and clusterings The elaborate star-counts of Gould, Schiaparelli, and Gore confirmed 
Proctor s result Obviously, if the disc-theory as put forward by Herschel were true, the brighter stars 
should be, on the whole, evT'enly scattered There are two possible explanations of this concentiation 
of the brighter stars towards the galactic plane Either the fainter stars of the ^Iilky Way 
are intermingled with the brighter and are comparatively near—the phenomenon of the Milky Way 
being due to a comparatively thin ring of stars ]ust outside the stellar system—or the brighter and 
nearer stars form a local cluster, flattened at the poles, whose plane is practically coincident with 
lhat of the Galaxy As early as 1836 Sir John Herschel had been led to the first of these explanations 
It was adopted by Proctor, by Gore, and other astronomers of weight The late Miss Gierke, in 1905, 
defined the Milky Way as a nfted and irregular ring marking the equator of a vast globe " 
Obviously, however, a serious objection to a thoroughgoing ring theory was the gradual increase in the 
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star-density with diminishing galactic latitude If the Milky Way were actually a ring of stars 
surrounding a stai-sphere, the average number of stars in any given region should incieasc not gradually 
but suddenly towards the boundary of the ring This was brought out clearly by the elaborate study 
of stellar distribution made by Seehger, based on the stai-gauges of the two Herschels, the 
Durchnmsterung of Argelander and Schonfeld, and the star counts ot Celoiia 

These investigations show that stars down to the ninth magnitude are three tunes as numerous 
in the zone containing the galactic plane as m those containing the poles, while stars down to 
magnitude thirteen and a half have twenty times greatei density of distribution Seehger’s work 
convinced him that “the Milky Way is no mere local phenomenon,’’ a conclusion fatal to the ring 
theory, at least m its simpler form 

The second explanation of the excess of the brighter stars in the galactic /one was adopted by 
the American astronomei Gould He emphasised the fact that the bright stais are concentrated 
to a plane which does not quite coiucide with that of the Galaxy, and he maintained that this 
“ secondary galaxj ’’ was due not to the intermingling of bright and faint stars but to the fact 
that our own system forms part of a small cluster distinct from the vast organisation of that which 
forms the Milky M' ay and ot battened and somewhat bifid form ’’ This hypothesis was not favourably 
received at the time of its piomulgation, but it has been rehabilitated by recent reeearch 

*******H:H«j|c* 

I he rate of progress in astionomy during the last twenty years has been quite unprecedented and 
in none of the sub-sciences into which the study is now divided has it been more lapid than in 
that relating to the structure of the Universe Since the opening of the century various new methods 
of detei mining the distances of the stars have been devised and put into operation In 1900 only 
about sixty stellar parallaxes were known with any degree of accuracy —all of these determined by 
the trigonometrical method In the following year the late Professor Kapteyn, the famous Dutch 
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POSIIIONS OF THE SOEAR APEX ASStGXfcU BY VARIOUS INV RSTIGAroL' 
rhe Solar Apex is the point in the sky towards which the motion of the Sun and Solar System is directed Vino,, 
investigators, using widely different data, have reached slightly diffeicnt results Considering the slendt"^ 

Herschel worked, it is remarkable how near the tnith was his first estimate in 178^ 
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astronomer, indicated the possibility of finding 
the mean parallaxes of groups of stars through the 
detenninatioii of their parallactic motion—^the 
component of their proper motion due to the drift 
of the Sun. Dr W S Adams, of Mount Wilson, 
discovered some years ago that the intensities of 
certain lines m stellar spectra depend on the 
absolute luminosities of the stars, and as a result 
he has been enabled to measure the absolute 
magnitudes, and hence the distances of hundreds 
of stars by means of the spectroscope Professor 
H N Russell, too, has shown that in the case of 
eclipsing variable stars it is possible to derive 
their absolute magnitudes from a study of their 
orbits The distances of ninety of these stars 
have been computed by Dr Russell and Dr 
Shapley, and two-thirds of them are more distant 
than a thousand light-years, while a number arc 
over five thousand light-years away An even 
more valuable method of measuring the scale of 
the stellar system is that which depends on the 



M CA3III,I,E FI,\]VimilION 
rhis veteran French astronomer was born lu 1842, and was 
a mere boy when he began the study of astronomy He has 
for years directed the Flammarion Observatory at Juvisy, 
near Pans One of his chief discoveries was that of common 
proper motion of widely separated stars 



JOHN EhrtARD GOUE (1845-]<M()] 

One of the most disliiiguished students of the tlisliilnilion 
of the stars and the strucluic of the XJniveibc lie was i 
non professional astionomcr, with veiy slaidei lusliuiiKntal 
equipment His chief conclusions were sumnud up in Ins 
work, “Our Visible ‘Universe’' He was an Inshnuui, uid 
by inoiession a civil ciismeci 

Cepheid vai lables An American lady asl i onoini i, 
the late Miss Leavitt, of Harvaid Collcgt 
Ohservatoiy, discovered some yeais ago that foi 
twenty-five Cepheid variable stars in the smallei 
Magellanic Cloud, the length of period depends 
on the apparent brightness As all the vaiiablcs 
in the Cloud are at practically the same distance 
from the Earth, the correlation is acluallv 
between the intrinsic brightness and the period 
As soon as observers have ascertained the pei lod 
and apparent magnitude the absolute magnitude 
of a Cepheid may be at once deduced and the 
distance computed Still another important 
method has been devised by Dr Russell and 
others for ascertaining the minimum distance of 
the bright helium stars of Class B in the Harvaid 
secjuence of stellar spectra According to Russell's 
theory of stellar evolution, which appears to be 




splendour of the Heavens 


623 


firmly established, only stars of large mass are able to attain to the unusually high tempcratnros of 
B-stars Hence a B-star, however faint it may appear, must have a certain minimum absolute magnitude 
It is true that the spectra of the very faint stars cannot be observed, but it has become possible in recent 
years to ascertain the hypothetical spectra of the faint stars As is well known, the photographic 
plate lb considerably more sensitive than the eye to certain wave-lengths of light, the difference 
between the photographic and visual magnitude of a star is therefore due to the star’s colour, and is 
called the “ colour-index ” The colour-index having been ascertained, the approximate spectral 
type can be determined of very faint stars whose spectra cannot be directly observed 



4 /lull/ uy I 


[Franklm aariws ( mft 

THE NUBECUIyA MAJOK, i 

01 ixieatcr Magellanic Cloud, is one of the most striking objects in the sonllicin celestial liuiiisphtie It is situated ni a 
coiibideiable distance from the galactic plane and appeals to be a semi dependent satellite system Dr Shaple> lias leecntlj’' 
computed its distance as 110,000 light :^eais, and its diamelei as 15,000 hght-yeais 


The application of these methods has resulted in a remarkable advance towards the solution of 
the problem of the structure of the Universe In 1916 a highly important investigation was com¬ 
pleted by Professor Charlier, of Lund, the distinguished Swedish astronomer In his paper on ‘‘ The 
Gala\y of the B type Stars,’' Professor Charlier made the fairly safe assumption that stars of this 
particular type do not differ very much from one another in absolute magnitude On the basis of 
this assumption, he was in a position to throw out a sounding-lme, as it were, far into space, and to 
determine the distances of the B-stars brighter than the fifth magnitude He found that these stars 




624 


Splendour of the Heavens 


fox“m a well-detned flattened cluster, whose plane is very similar to that of the Galavv, with its centre 
of gravity in the constellation Carina Chailier found that the farthest limits of the cluster were 
at a distance of about 2,000 light-years from the Sun He assumed that he was taking soundings 
of the depth of the stellar system “We aie," he said, “ in a position to get, with the help of the 
B-stars, what might appropriately be called a skeleton image of the Milky Way ” This supposition 
was not out of harmony with the ctinent estimates of the diameter of the stellai system, which ranged 
from about 7,000 to 18,000 light-years 

In 1914 Dr Harlow Shapley, now director of the Harvard College Obseivatory, commenced with 
the aid of the 60-incli reflector of the Mount Wilson Observatory^' in California, his “ Studies based on 
the colours and magnitudes in Stellar Clusters ” The clusters investigated weie of two distinct 
classes—the compact globular clusters in high galactic latitudes removed from the plane of the Milky’' 

Way, and the open galactic clusteis which appear 
to be simply condensations of the stars of the 
Milky^ M’’ay Obviously the measurement of the 
distances of clusters of the latter type is of great 
importance in fiving the minimum distance of 
the clouds of faint stars In the galactic star- 
clouds in the vicinity of the open cluster Messier 11 
Dr Shapley” discov ered faint stars with negative 
colour indices — ^that is to say, taint blue stais of 
B type “ The cluster stars,” he wTote m April 
1917, “ are probably giants m luminosity 
and accordingly^ the distance ot the group must 
he of the order of 15,000 light-years ” and he 
pointed out the significant fact that “ if these 
stars are typical in absolute brightness, the size 
of the galactic system m the plane of the Milky 
Way IS many times greater than has been com¬ 
puted from studies of v^'anables and investigations 
of the motion and magnitudes of the brighter 
stars ” 

Dr Shapley” s evliaustiv'e study” ot the distances 
and positions in space of the globular clusters 
has enabled him to ascertain the approximate 
extent and shape of the stellar Umveise Several 
independent methods of measurements were used 
in determining these distances, and on the whole 
these methods are mutually” confirmatory” '' The 
presence in some clusters,” says Dr Shapley, 
of Cepheid variables of known period and 
brightness permits accurate measurement of distance, thanks to the valuable characteristic behaviour 
of Cepheid stars Correlation of the brightness of the variables with the brightness of other stars that 
are always present in globular clusters extends the method., and, for the clusters whose variable stars 
liav”e been studied, the correlation of distance with apparent diameter and with total brightness yields 
simple means of estimating the distances of all globular clusters prior to knowledge of the variability 
of their stars ” By means of these various methods. Dr Shapley fixed the positions in space of 
eighty-si\ globular clusters He defines these as cosmic units,” sub-systems dependent on the 
greater galactic system The nearest of these, Omega Centauri, is 20,000 light-years distant from the 
Solar System, and the most distant—^N* G C 7006—is so far off that light requires 220,000 years to 
travel to the Earth The globular clusters appear to form a great ellipsoidal system, dwided by the 



PROFESSOR GrOVANN"! Cn^ORIA (1842-1920) 
lliis dastinguislied Italian astronomer was for many \ears 
assistant to the moie famous Scliiapaielli, whom he succeeded 
in 1900 as director of the Milan Observatoi> His chief work 
was on the distribution of the stars and the structure of the 
ITniveise 









r rom “ Knotululge ”1 (Pkcto by Pwfessof Max Wolf 

NBBUI^OSraE^S IN CYONTJS 

C>gaus IS one of tlie most striking constellations in the heavens Here the Galaxy becomes brighter and broadei, and at the same time 
the stream becomes more irregular In Cygnns occurs the “ great bifurcation,” or division of the Milky Way into two separate streams 
there is much nebulous matter in this constellation Much of it is dark and not easily discerned, but there aie also many bright nebulosities 
It has been shown recently by Dr ^Hubble that these bright nebulae either shme by reflected starlight or are excited to luminosity by the 

radiation of the stars mvolved in them 
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From ‘ Knowledge'] [JPhoio by Frofc ssor M ax H'olf 


plane of the Galax}’— 
forty-thi ee clusters being 
on either side The 
stellar system piopei is 
of the same diameter as 
this system of globular 
clusters—about 300,000 
light-years The centic 
of gravity ot the latter 
system is therefore the 
centre of gravity of the 
former It is situated m 
the direction of the 
constellation Sagittarius 
amid the dense star- 
clouds of that region, 
about 60,000 hght-yeais 
from the Sun Our Sun, 
then, IS not neai the 
centre of the stellai 


ri:gion of the mij,ky way ikt aquiea system as was foimerly 

Aquila IS a galactic constellation, and picseiits some veiy fine fields ot view to the observer believed We look 
Its brightest star, Altaii, is one of oui iicaici neighbours, seventeen light vears distant 

This photograph lepiesents a dense stellar cloud through a much grcatci 

extent of space and sec 

a vastly greater number of stars in the direction of Sagittal lus than in that of Auriga, hcnci^ the 
great brilliancy of the southein Milky Way 

In the mam, modern research confirms Hcrschers theories of the Galaxy, while emphasising the 
existence of many clusters in the stellar system Thus the third alternative theory would seem to 
be the true one The phenomenon of the Milky Way,"’ says Shapley, “ is largely an optical one 
Although the existence of local and occasionally very extensive cond.ensations of Milky Way stars is 
not denied, the conception of a narrow encircling ring is abandoned'' The stellar system is thus 
shown to be a thin disc proportionally almost as flattened as the Solar System itself “ A thin central 
stratum of the galactic segment contains every star that has been seen and has been photographed for 
our catalogues This stiatum of stars apparently deviates less than two thousand light-years from 
the galactic plane ’’ In other words, the thickness of the stellar system is about onc-si\tieth of its 
diameter 


This vast system contains an almost inconceivable number of stars It lias been computed from 
reliable data that the total number of stars in the stellar system lies between one and two thousand 
millions This is exclusive of dark stars, of the existence of which there is evidence, and of the stars 
in globular clusters The figure is staggering to the mind, but it is strictly finite These stars are 
divided into the two classes of Giants and Dwarfs, and members of these classes seem to be freely 
intermingled The Dwarfs would appeal to outnumber the Giants A^mong the twenty-one nearest 
stellar neighbours of our Sun, only five exceed the Sun in luminosity 

The stellar system, so far from consisting of stars scattered with an approach to uniformity, 
would appear to be made up of a great number of clusters of stars The researches of Dr Shapley 
indicate that the Sun is a member of a subordinate cluster The existence of such a cluster, as 
already remarked, was maintained by Gould, but his views did not meet with general acceptance 
This cluster is identical with Professor Charlier’s system of the B type Stars, which he believed to be 
idrntical with the galactic system For the fact that the plane of the local cluster is slightly inclined 
to that of the stellar system we have as explanation the existence of the so-caUed secondary 
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galaxy —the belt of brilliant stars which includes Tauius, Orion, Cams Majoi, and other bright 
constellations Dr Shapley points out that not only the very bright stars of types B and A in this 
region are to be classed as members of the cluster, but also the belt of stais of magnitudes from 
three to seven 

It has long been known that several classes of stars are strongly concentiatcd towards the 
galactic circle and also, as we now know, to the plane of the local cluster Thus, the late Professoi 
E C Pickering showed many years ago that while the stars of Secchi’s second and third type appealed 
to be disturbed more or less uniformly, the first-type stars were more oi less concentrdted to ihe 
galactic plane The concentration is most clearly marked m the case of the sub-class known as the 
B-stars on the Harvard classification Not only the B-stars but the rare stars of type N and the 
relatively uncommon Wolf-Rayet stars are strongly condensed to the plane Of ninety-one 
Wolf-Rayet stars, seventy are actually within the borders of the Milky Way, while twenlv~one aie 
in the outlying clusters, the Magellanic Clouds In addition, two kinds of vaiiable stais-—Cepheid 
and eclipsing variables—show the same condensation The gaseous ncbuLc, too—both nrtguLii 
and planetary—obey the same law of distribution Dr Hubble, of the Mount Wilson Observatoiy, 
finds distinct evidence of a double concentration in the case of the iriegulai iiebuke—towards the 
Milky Way itself and towards the plane of the local cluster The meaning of this fact evidently is 
that some of these nebulae are situated within the local clustei and othus fai beyond, in the Milky 
Way clouds 

Recent research has shown that bright nebulae arc but particulai cases of daik Many of the 
dark rifts and spaces in the Milky Way now find their explanation not in the total absence of stais 
from these regions, but in the existence of vast masses of dark nebulous mattei which acts as a veil 
cutting off the light of the stars beyond In the early years of the centuiy Dr Max Wolf photogiaphed 
a nebula in the galactic constellation of Cygnus which he noticed to be placed centially in a \'eiy 
fine lacuna devoid of faint stars, surrounding the luminous cloud like a trench I lie most stiiking 
fact regarding this object is that the starless space encircling the nebula forms the end of a long 
channel Dr Wolf threw out the hint that this starless space was duc' to a dark mass absoibing 
the light of the fainter stars As a result of his long-continued photographic study of the Milky 
Way, the late Professor Barnard 
became convinced of the exist¬ 
ence of this dark nebulous 
matter and in 1919 he published 
a list of 182 of these dark 
masses Much of the irregu¬ 
larity of star-distribution m the 
Milky Way, therefore—irregu¬ 
larity which IS apparent to the 
unaided eye—is due not to lack 
of stars but to the presence of 
these great dark masses, almost 
stationary in space, which ap¬ 
pear to be the piimceval chaos 
from which suns and worlds 
are born 

sjc :js 4: H« 

In the unravelling of the 
tangled skein of stellar motions 
remarkable success has attended 
the labours of astronomers 
Only two hundred years have 


REGION IN SAGITTA 

The small constellation Sagitta is situated between Cygnub and Aqnila It contains 
no stai brighter than the fourth magnitude, but is rich in star fields It is situated 
ill the stream of the Alilky Way 
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elapsed since Halley showed the name “ hxed 
stars to be a misnomer In 1718 he announced 
that four of the bright stars, Sinus, Arcturus, 
Aldebaran, and Betclgeuse had perceptibly 
altered their positions on the celestial sphere since 
the time of Ptolemy By 1756 Tobias Mayer, of 
Gottingen, was able to draw up a list of fitty-seven 
stars with peiccptible proper motion The elder 
Herschel, maintaining that “ there is not in 
strictness of speaking one iixcd star in the 
heavens,” essayed in 1783 to clctermine the proper 
motion of our own particular star, the Sun 
Obviously, the motion of the Sun can be detected 
only through the appaicnt motion or drift 
imparted to the stars , ]ust as the orbital motion 
of the Earth is reflected in the appaient 
iriegularities of the movements of the planets 
If the Sun is moving in a certain dnection, the 
stars in front will appear to disperse while those 
behind will appear to draw neaici together 
Were the stars stationaiy and only the Sun 
moving, the problem of determining the solai 
motion would be a very simple one , but it is 
rendered highly complex by the motions of the 
individual stais It is necessary, thercfoie, to 
decompose the proper motions of the stars into 
two components, one representing the real move¬ 
ments of the individual stars and the other, which 
is called the '' parallactic ” motion, resulting from Ih^ translation of the Sun and planets Heischtl 
dealt with the proper motions of seven bright stars, and separating what he believed to be the appaient 
fiom the real components, he concluded that the Sun, carrying with it the planets and their satellites 
and the cometary bodies, was moving towards a point in the constellation Heiculcs, with a velocity 
not less than that of the Earth m its orbit 

The fact of stellai motion being admitted, the question naturally arises wht^ther these motions 
aie systematic and whether the stars form a system in the sense in which the planets do ^ Is 
tlieic a central body round which the stais arc revolving, which holds a plac(^ in the stellai 
universe analogous to that of the Sun in the planetary system ^ In the middle of the last century 
Madlei, the distinguished German astronomer, attempted to use the proper motions available to 
him for a frontal attack on the problem of the orbits of the stars Making the reasonable assumption 
that the mutual attractions of the different stars would cause the bodies at the confines of the system 
to move more rapidly than at the centre, he sought the centre of gravity in a region of sluggish 
proper motions All stars nearer than the Sun to the centre of the system must lag behind the Sun 
because of their slower motion So Madler concluded that if community of motion in a direction 
opposite to that of the Sun he found in any part of the heavens, it might he reasonably assumed that 
the centre of gravity lay in that region He found in the constellation Taurus a common proper 
motion, small in amount, and he fixed on Alcyone, the chief star of the Pleiades, as the central sun, 
or more correctly, as the body occupying the centre of gravity of the stellar system Struve’s verdict, 
‘‘much too hazardous,” has been unanimously endorsed by astronomers What Madler actually 
discovered was not the motion of the stars round the Pleiades, but the existence of a common proper 
motion among the stars of the constellation Taurus 


PROrBSSOR J C (1851-1922) 

T Lcobus Coinelms Kapteyn was one ot the gieatcst 
cibtrononiers of his time From 1878 to 1921 he was 
Pi ofessor ol Astronoim at Groningen, in Holland His most 
outstanding discovery was that of the two stai sticains 
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The significance of this discovery was not realised, however, until Litei in the centiiiy vhtn 
instances were found of two or more stais sharing a common proper motion Thus Flammaiion 
discovered that the proper motion of the bright first-magnitude star Regains was the same in amount 
and direction as that of a faint star of the eighth magnitude known as Lalandc 19,749 Other 
instances of community of motion were also noted by Flammarion in the couise of his investigations 
A more striking instance of this “ star-driftwas discovered by Proctor m 1870 Ihis is the common 
proper motion of five of the seven bright stars forming the familiar group known as ‘‘ The Plough/' 
in Ursa Major Proctor mapped the proper motion of these seven stars and noticed that fi\€ with 
the two small stars attached to one of them—Mizai—were moving at the same rate in the same 
diiection , and he computed that the odds were half a million to one against the occuiicnet being 
accidental Some years later, the velocities of these stars in the line of sight were measured by 
Huggins by means of the spectroscope, and his observations were confirmatory of Proctoi's 
conclusions Many years afterwards, in 1909, Dr Hertzspiung, of Potsdam, pointed out that < ight 
other prominent stars, one of which is Sinus, are moving along paths parallel to those of the five 
stars of the Plough 

Recent research has shown the true meaning of the community of propci motion iimong the stars 
in the constellation Taurus, which Madler first detected These stars form a moving clusUi. a vast 
assemblage of suns travelling togethei through space with the same velocity and lu the same diiec¬ 
tion Theie are thirty-nine bright stars known with ceitamty to belong to this group Vccoid- 
ing to Professor Eddington, five of these arc of fifty to one hundred times grc'atei luminosity than 
the Sun, and thirty-four of from five to fifty limes , and there can he no doubt that many additional 
fainter stais in the region also belong to the cluster, but tiniil iurlhci determinations of then motion 
have been made, these cannot be picked out with ceitamty The whole clustei appears to l)c‘ mon‘ 
or less globular in form with a slight condensation at the centre Auoihcn evample ol a moMng 
cluster IS to be found in the constellation Perseus, first pointed out by Protessois Kapteyn, Boss, and 
Eddington All the stars of a certain special type—type B in the Haivaid secpieiice—in tins legion 
have a common proper 
motion A still larger 
moving cluster is formed 
by the bright stars of 
the constellation Orion, 
with the exception oi 
Betelgeuse, but in this 
case, as Professor Ed¬ 
dington remarks, '' it is 
just possible that the 
associated stars may 
be dispcismg lathei 
rapidly " 

The existence of 
moving clusters and 
associated groups of 
stars indicates that the 
motions of the stars arc 
not at random Con¬ 
clusive proof of this is 

afforded by a still more Itom ‘ knowledge [Photo by Ifoitsso} Max H olj 

Significant fact, which RnCriONf of mii,ky wav in oxx^nits 

came to light in the Cygnus is paiticxilarly uch in galactic starUiUds, and tins photogiapli rtpicstiit'^ a t^plcal 
° region Each of the tiny specks icprescnted on this photograph is a Sun, ind nianj of these 

course of investigations are giant stars 
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on the solar motion In 1895 the German astronomer Kobold, discussing the fact that different 
positions had been assigned to the ape^ of the solar motion—the point towards which the Sun is 
moving—by different investigators, suggested that the results could be harmonised by assuming that 
the individual motions of the stars take place in the plane of the Milky Way, '' some in the direct 
sense and others in the retrograde sense/’ and that the Sun moves in a plane which makes an angle 
of seventeen degrees with the plane of the Milky Way Nine years later Kapteyn announced one 
of the greatest discoveries in modern astronomy It had been believed from the time of Herschel 
that when the paiallactic motions of the stais—the apparent motions due to the Sun’s drift in the 
opposite direction—were eliminated, the individual motions of the stars would he bound to he at 
random Kobold doubted this supposition, but it was Kapteyn who first showed it to be quite 
untenable After eliminating the parallactic components of the stars in Bradley’s catalogue, Kapteyn 
found that the individual motions fell into two favoured directions—opposite to each other—in the 
galactic plane This result showed clearly that the galactic plane is certainly the '' ecliptic of the 
stars,” the fundamental reference plane of the stellar system It also shows that the brighter and 

nearer stars belong to one or 
other of two vast streams of 
stars meeting and intcrpeneti at- 
mg m space The later work 
of Eddington and Dyson not 
only’confirmed Kapleyh’s great 
'discovery, but showed that the 
fainter stars also—stars down 
to the ninth magnitude—^belong 
to one or other of the streams 
Later on Campbell, the dis¬ 
tinguished Ameiican astion- 
omer, adduced fuithcr evidence 
of the existence of the two 
star-streams as a icsiill of his 
discussion of radial velocities 
determined spcctrographically 
The fact of star-streaming 
being established, the question 
arises of its true significance 
Does it indicate that the stellar 
system is not a unity, hut a 
duality^ Various theories have 
been put forward to reconcile the obseived duality with the unitary interpretation of the stellar system 
which theory seems to demand Eddington pointed out, however, as far hack as 1911, that the two star- 
stiearns probably involve about half a million of the stars around us , but that there is no evidence 
that they prevail in the extremely remote parts And the phenomenon of star-streaming is reasonably 
explained by Professor Shapley s hypothesis of the existence of a local cluster The interpenetration 
of this cluster with the general galactic stais gives rise to the observed preferential motions in two 
favoured directions When the local cluster moves,” says Shapley, the inevitable result is star¬ 
streaming—a preferential drift in the direction of the cluster’s motion for cluster stars, mnd in the 
opposite direction for stars of the held ” 

Soon after the application of the spectroscope to astronomy and the classification by Secchi of the 
stars into four types according to their spectra, it was noticed that the proper motions varied for the 
different types. Stars of the second or solar type were observed to have larger proper motions on the 
average than these of the first Spectroscopic work on the radial velocities of great numbers of stars 



Irani Js.nowledge ] [Photo by JPiofessor Max Wolf 

REGION IN PERSEUS 

llie constellation Perseus is one of the most pioniiiient of the norlhein star-groups 
It contains a number of bright stars, the most famous being Algol, the well loiown 
variable Tins photograph represents a galactic field m Perseus 
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confirmed this Indeed, in 1910 Kapteyn and Campbell independently announced the significant 
discovery that on the average the radial velocities of the stars of the so-called later types were greater 
than those of the earlier types The average linear velocity, in fact, was shown to increase fronn. one 
type to another When tne discovery was first announced, it was believed to indicate that as a star 



From “ Knowledge ”] [Photo by E E Barnard 

Tim MIIyKY WAY NBAR TII-ETA OPHIUCHI 


The Galaxy divides in Cvgnus and one of the streams rims tliiough the coiistellation Oplimclius lliis photograph icpiesents 
one of the most comple\ and beautiful legions of that constellation Ihe bright stai near the ccnlxL is Theta Opliiuchi, a 
B-star intensely hot There are many dark lanes and vacuities m Opliiuchns, some of which arc. shown on the plate These 
long engaged the attention of the late Professor Barnard, who established the fact that much of the darkness is due not to 

absence of stais, but to the presence of dark nebulous matter 


grew older its speed increased, at that time it was assumed that the Harvard sequence—types B A F 
G K M—^represented the order of stellar evolution Since then, the new theory of evolution, associated 
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PROrBSSOR HARROW SHAPIJvY, 
the clncctor of the Ilarvaid Collc£?c Obscivatory, is one of 
the most biillianl aslioiionieis of the day 3k)in it 
Nashville, Missouri, m 1885, he was fiom 1014 to 1021 on 
the staff of the Mount Wilson Obseivatoiy, wheie he eoni- 
menced his epoch making woik on stir clusteis 

Thus, one of the most massive stars known, 
Y Cygni, moves with a great velocity, and Shapky 
has pointed out that the long period variables of 
spectral class M aie giants and have peculiarly 
high radial velocities Thus large proper motions 
are not incompatible with high luminosity Such 
rapidly-moving giant stars may, of course, he 
exceptional, indeed, appear to be so, and there 
may be some explanation of their peculiarly 
rapid motions 

The velocities of individual stars and of 
clusters and groups depend not only on their 
masses, but on the external influences which have 
heen brought to bear on them The motions of 
the stars are what they are, their speeds and 
directions of motion have their present values, 
because of the forces which have been influencing 
them during myriads of years According to the 
speculations of Dr Shapley, which are based on 
a careful study of observational data, the stellar 
system as we know it is the outcome of the union 
of numerous clusters The Universe known to us 


with the name of Professor Russell, according to 
which the stars first pass through the giant stage, 
and secondly through the dwarf stage, has 
rendered the evolutionary explanation oi the 
increase of velocity with spectral type untenable 
More recent research would indicate that this 
increase of speed with type is a particular mani¬ 
festation of a wider generalisation—namely, the 
increase of speed with diminishing absolute 
magnitudes and therefore with diminishing mass 
The blue stars of the so-called early type which 
have small individual velocities, are bodies of 
enormous mass, while the yellower stais which 
form the bulk of the later types are bodies 
considerably less massive As Russell truly 
remarked some years ago, “ a correlation of mass 
and velocity seems more probable than one 
between temperature and velocity or velocity 
and age " 

We must not imagine, howevei, that every 
star of large mass has a small velocity, and that 
every star of small mass moves at high speed 


PROFESSOR HUGO SBBBIGBR, 

Director of the Municli Observatory and. President of the 
Astronomische Gesselschaft, was born in 1849 He carried 
through, in the years 1884 to 1898, an elaborate senes of 
studies of stellar distribution He is the author of one of 
the chief theories of temporary stars 




From Knowledge [Photo by Alex Smith 

THE VICINITY OF BETA CYONI 

This photograph lepiesents a region of the Galaxy whcie the stais are much less profusely scatteicd than in other icgions of the heavens 
The bright star is Beta Cygni, one of the most beautiful double stais m the entire sky, which is a charming spectacle as seen through a 
small telescope The chief component, of the third magnitude, is topa^c yellow , and the smallci slai is sapphire blue 
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From “ Knowledge''] 

REGION IN CYGNUS Professor Max Wolf 

r^y 0 ° ae ^=>1 “f the toy pomts of hght on the plate is a sm, aad 

plate The dark spacl^^id aretS our Sun m volume andlummoarty Asmall nebula is alsoshown on the 

P cb, vom or stars, are also to be noted Probably we bave here evidence of the existence of masses of dark matter not 
near enough to bright stars to be excited to luminosity ’ 
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consists of a long flat disc of stars , and on cither side of this disc are an equal number of much smaller 
and more compact siib-systems~~the globular clusters Dr Shapley, in the course of his work, was 
impressed by the absence of globular clusters from the mid-galactic regions, a lact which in his view 
cannot be explained only b^^ the presence of dark obscuring matter in these regions Dr Slipher's 
measurements of the radial velocities of globular clusters indicate a preponderating motion of approach, 
and this suggested to Dr Shapley that the globular clusters are being drawn into the greater galactic 
system Support is accorded to tins view by the fact that the globular clusters nearest to the galactic 
plane are the least condensed The stars comprising these clusters would seem to be dispersing under 
the overwhelming gravitational force of the stellar system On this view, the numerous open clusters 
which exist among the galactic star-fields arc simply globular clusters which have been drawn into 
the greater stellar system When a globular cluster is thus sucked into the vortex, two results follow 



IIIE SXXRCIyOIJDS OF IIIF GALAXY IN SAGITTARIUS AND SRRPJ^NS 
This fine photograph, by Di Max Wolf, shows the star clouds in the diicctiou of the supposed (.ciilic of the Stdhii Sybleni 
III the Sagittarius clouds, Dr Shapley detected faint blue stais, which aic obviously giants, aiKt the distance of these is 
so vast that light rcquncs 1*5,000 y^cais to tiavd fioin them to oui Faith 

'' Faint stars in globular clusters are of small mass and of more than average velocity, and m their 
orbital motions frequently attain great distances from the centre When the globular cluster ap¬ 
proaches a disturbing body as massive as the general galactic system, such stars aic of coarse most 
readily lost and intermingled with galactic stais On the other hand, the massive cluster stars, which 
are mostly of high luminosity, having low peculiar velocities and maintaining in their sub-system 
a high degree of stability, retain their organisation longer in a disrupting held " This suggests that 
the local cluster of which our Sun is now a component may have originally formed part of a globular 
cluster which, like others, has been absorbed by the greater system Indeed, the galactic system 
may have originated in the intermingling of two clusters, and may have giown to its present huge 
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dimensions by swallowing up other dusters'—a 
process which, if Dr Shapley^s hypothesis be in 
the main correct, is still proceeding The tune 
required foi this vast cosmic process is almost 
inconceivable , thousands of millions of years is 
an estimate which probably ciis on the side of 
caution 

4 * ^ 

Is this Universe the only one ^ Or, rathei, is 
the vast duster of clusters which we call the 
stellar system, with its siihoidinate satellite 
systems, the globular clusters, the only universe 
so far as we arc concerned ^ Do evternal universes 
exist ^ The question of island umveises has 
hulked largely m astronomical thought since the 
time of Heischel As has been noted, that gieat 
astronomer originally believed that such universes 
did exist Indeed, the hypothesis of island 
universes was the iiatuial corollary of the disc- 
theory as hrst propounded The resolvable 
clusters were the neaier universes, the nresolvable 
nebuke the more distant After Heischel had 
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SIR F W DYSON 


[Russellj London 


As Astronomer Royal, Sir Frank Dyson has held the 
Directorship of the Royal Observatory, Oreenwich, suice 
1910 His researches in stellai motions and distances have 
materially added to our knowledge of the structure of the 


Universe 



PHOFFSSOR MAX WOpi 

Dr Max Wolf, Professoi of Afatioiioniy at Iltiddbcig 
and Diiector of the Astiophysical Observatory thtic, was 
born in 1863 IIis chief woik has been in astioiiomical plKilo- 
graphy He fust rlicw attention to the elaik ^larklnf^s in the 
Galaxy, which arc now believed to be non lumnious iiebtiku 

developed his nebular theory of stellar evolution 
—a theory which entailed the existenci^ of gaseous 
nebulae—the conception of “island unmiscs“ 
dropped out of the place which it toimcrly hdd 
m his thought Alter his death, howevu, tlu‘ 
hypothesis was revived, the chief rc^ason for its 
revival being the resolution of some nebuLe, 
which had defied Herschcl's leflcctois, and the 
supposed resolution of others by the gnat Rosse 
reflector and the laige icfractors of Harvard and 
Pulkova The pendulum of astronomical opinion, 
however, swung violently in the opposite direction 
after the demonstration by Huggins and tlu* 
early spcctroscopists of the truly gaseous natuie 
of some of the most prominent nebular objects 
By the end of the last century the question was 
regarded as practically closed The vast majority 
of astronomers were prepared to subscribe to 
Proctor’s dictum that “ all the nebul<e hitherto 
discovered, whether gaseous or stellar, irregular, 
planetary, ring-formed, or elliptic, exist within 
the limits of the sidereal system ” 





From. “ Knowkd^c ’ 1 \Photo by Profe^<ior Max Wolf 

IHE Pl^EIABIvS 


This star group is one of the best known of aij celestial obiects, and has been known fioin the earliest ages Indeed, it is referred to in the works 
of Hesiod, and in the Books of Amos and Job Dm mg the N’liiclecnth Century the Pleiades came much into notice because of Madler’s famous 
hypothesis that Alcyone, the brightest star of the gioup, was the centre of gravity of the Stellar System In 1859 a faint nebulosity was detected 
in the duster by Tcmpd,at Florence Photography shows this nebula to be of vast extent In 1912 Dr V M Shpher, of the Towell Observatory, 
showed that the nebula is actually dark and shines by the idlectcd light of the involved stais 
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nebute are now divided, the irregular nebiiL'c—bright and 
tbfnW oJ f/ r”? unquestionably belong to our stellar system Their concentration to 

tatiwT.? 1 7 q^^stion But the 

status of the large and important class of spiral nebula is by no means so easily decided Their 
spectra differ from those of the irregular and planetary nebull The typical spectrum of the spirSs 

motions '^Dr 81 T’ sharply differentiated from the ordinary gaseous nebula by their 

of the 1 ^ctor of the Lowell Observatory, has shown that “ the average velocity 

distrfiSof" r r” urn f remarkable is their 

valar+^f T planetary and irregular nebula are aggregated towards the 

galactic plane, the spirals avoid the fundamental plane of the stellar system altogether and are most 

the extra-galactic, non-nebular nature of the spirals, and accordingly the hypothesis of island 
umv^es was revived On this interpretation of their nature, the spimls are galaxies 
aze with our galactic system, and are placed at so great a distance-at a distance of the order of 
ilhon or miUions of light-years-that they cannot be resolved into their consftuent stars 
0 a first conside ration the theory is attractive and it is still maintained by a number of 

astronomers But 
there are grave objec¬ 
tions and on the whole 
the balance of evidence 
IS hostile If these 
spirals arc t^vtcrnal 
universes, why do they 
congregate round 
about the galactic 
poles ^ Why are they 
distributed in a mannei 
winch suggests that 
they are influenced by 
the stellar system ^ 
Were they actually 
island universes, co¬ 
equal with ouis, their 
distribution should be 
at random and should 
certainly have no re¬ 
ference to the galactic 
plane We are driven 
to conclude, therefore, 
that the spiral and 
other non-galactic 
nebulae are intimately 
related to and form 
part of, the stellar 
system Their enor¬ 
mous velocities of 
recession from our 
system suggests that 
they are composed of 
material specially 



[Photo by Professor Keeler 
4. TU 1 <>ICEAr Cr.USXER (M 13) IN HERCULES 

again m 178* by MeSr m ^ Scribed it as “a little patch.” and 

View was held that the cluster consisted of^smUW^^ some time the 

s, Sfirja 
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susceptible to the radiation 
pressure of light At all events, 
it seems most improbable that 
these nebulae are e:\teriial uni¬ 
verses But this fact docs not 
preclude the possibility that 
away out in space, situated at 
distances far beyond the light- 
grasping power of the largest 
telescope, other collections of 
stars of the same order of 
magnitude as our galactic 
system may exist On the other 
hand, Professor Einstein con¬ 
cludes from his general theory 
of relativity that the universe 
IS '' finite yet unbounded It 
is deduced from the theory that 
space IS curved—spherical or 
elliptical It IS of finite volume 
and has no bounds The 
difficulty of such a conception, 
as Professor Eddington remarks, 
is “ that we try to realise this 
spherical world by imagining 
how it would appear to us and 
to our measurements There 

has been nothing in our ex- gi,obui,ar ciyUSim ms (ntoc 5272) 

perience to compare it with. The side of a square lepxcsenls 5 , 000,000 tmicb the distance from, the Sun, 

and It seems fantastic But if “f. ^ »5 light yeais xht Otters iry show the disianeo 

of the Hyadcs fiom the Sun if placed at the ccntic, and the x the distance of Sii lus 
we could get nd of the personal Stars cncloSwd are typical variables 

point of view and regard the sphericity of the world as a statement of the type of order of events 
outside us, we should think that it was a simple and natural order which is as likely as any other to 
occur in the world" On the assumption that the Universe is finite, its size has been computed by 
Einstein and Be Sitter Both agree that a ray of light would lequue 1,000 million years to go round 
tie world " If a light-ray could really perform such a jouincy some remarkable lesulls would follow 
After 1,000 million years the rays of sunlight and starlight would return to their starting points 
Thus, theoretically, the sky should be covered with “ stellar ghosts " occupying the positions which 
Sun and stars filled 1,000, 2,000 or 3,000 millions of years previously It has been suggested that 
perhaps one or more of the spiral nebulae are really phantoms of our own stellar system The likelihood 
of this happening, however, is very slight It is most improbable that the rays of light, after so long 
a journey would converge at the very point where they diverged Theoretically it is possible, but 
the probability is that the light would either be absorbed or scattered or else deflected by the various 
gravitational fields scattered throughout space 

Even if we grant the finitude of the Universe, which the general theory of relativity seems to 
necessitate, we are left face to face with a Cosmos so vast as to baffle the imagination. A light-year 
IS equivalent to about six billion miles, a universe of the extent of a thousand million light-years 
IS of the order of the infinite m comparison with the tiny globule on which we spend our fleeting lives 
The contemplation of the Universe of stars drives home upon us with terrific force the utter 
insignificance of the planet on which we live, and which is all the world to the vast majority of 
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mankind As Flamniarion truly says, in the eternity of duration, the life of our proud humanity, 
with all Its religious and political history, the whole life of our entire planet, is the dream of a moment'', 
and if the overwhelming vastness of the created universe oppresses us, it likewise compels us to bow 
our heads in reverence before the Immeasurable Power which finds expression in this magnificent 
Cosmos, with its almost infinite profusion of shining suns 

CHAPTER XVII 

THE ANCIENT CONSTELLATION FIGURES. 

By A C D Crommelin, BA, DSc, FRAS 

I T IS well to begin this chapter with, the statement that an account of ancient Astronomy cannot 
possibly be so definite or certain as one that relates to the present epoch For the period commencing 
about 500 B c we possess some fairly Ml documents, that enable us to form a clear picture of the 

astronomical conceptions of the writers 
But for earlier epochs, systematic 
treatises arc wholly lacking, and we 
have to foim our ideas of the condition 
of Astronomy by piecing together a 
number of fragmentary and isolated 
statements, we can often make 
useful conjectures, based on our know¬ 
ledge of the subsequent course of 
events, but these must remain pro¬ 
visional Astronomy is truly called 
the oldest of the sciences, for the 
motions of the Sun and Moon affect 
the course of human life in so many 
ways (and did so still more in the 
simpler conditions of primitive life) 
that the importance of finding out 
the periods and laws of their revolu¬ 
tions must have been recognised very 
early, this would involve the mapping 
out of the principal star gioups, since 
these would be required as points 
of reference Probably the same facts 
were in many cases learnt independently in different countries 

One of the early problems was to reconcile the lunar month with the solar year The maj ority of 
ancient nations used the lunar month, whose length alternated between twenty-nine and thirty days, 
and they inserted a thirteenth month occasionally to preserve the correspondence with the solar year 
The cycle of nineteen years, known as Meton's, was adopted independently in several countries , it 
contains seven fullyears with thirteen months and twelve'' comnion'' ones The Golden Numbers 
recording the position of each year in this cycle are still used in the determination of Easter One of the 
greatest of the ancient peoples, the Egyptians, did not use the lunar months, but made their year consist 
ol 365 days, being twelve months of thirty days each, and five extra days It was found in early times 
that the 365-day year was too short, in fact, it was noticed m Egypt that the seasons went right round 
the calendar months in about l,460years , this period is sometimes called a Sothic cycle, from Sothis,the 
name for Sinus, the brightest of the fixed stars Apparently the first Sothic cycle began 
when the heliacal rising of Sirius fell on the first day of the Egyptian year The heliacal rising was 



CHINESE CEIvESTIAE GEOBE AND QUADRANT 
Save for the diagon-embellislimeiit, so populai m China, and the absence 
ot a telescope, the quadiant is quite similar to that used by Bradley at 
tTieenwich The celestial globes were probably used, ^nter aim, to 
facilitate the obseivatiott of heliacal rising, by indicatmg the e\act 
direction in which to look foi the stai 
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defined as that in which the star was just observable in the morning twilight before sunrise From 
later records we deduce that the Egyptians could observe Sinus when the sun was ten and a half 
degrees below the horizon at the time the star rose , this is the value used in calculating the dates The 
authors of ‘‘ The Cambridge Ancient History/' vol 1, adopt the date 4241 b c for the beginning of the 
first Sothic cycle , an approximate calculation of my own, with allowance for the star's precession 
and proper motion, makes the date thirty-two years later, the difference being merely nominal This 
IS much the earliest date at which we have any evidence of star observations , it must be noted that we 
have no contemporary record of the fact, it is only carried back by inference from records of a much 
later date (about 2000 B c) 

The next date at which we have indirect evidence of star observations having been made is 3400 B c 
The reasons for concluding that the great pyramid was built about this date, and that the star Thuban 
in the Dragon, which was then the Pole Star, was used in orienting the building, were given on page 238 

We have, therefore, good reasons for believing that the stars had already been mapped out to 
some extent in 
4000 B c , and 
that the charac¬ 
ter both of their 
daily and annual 
motions was un¬ 
derstood The 
recognition by 
the Egyptians of 
the advantage of 
using a star near 
the pole for lay¬ 
ing out a north 
and south line 
shows considera¬ 
ble mathematical 
skill, which is 
further proved 
by many details 
in the structure 
of the pyramid 

It IS probable 
that the constel¬ 
lation figures 

adopted in Egypt at the time of building the pyramids, and for long afterwards, were entirely inde¬ 
pendent of those adopted in Western Asia The very fact of their year being a 365-day one, 
unconnected with the lunai months, would show this independence Wc‘ have not, however, 
sufficient data to reconstruct the old Egyjptian constellations, those that have come down to 
us are of a later period, and are largely modified by Mesopotamian influence Thus, the twelve 
zodiacal constellations in the Denderah Planisphere, whose date is 36 b c , are practically the same as 
those of Aratus and Ptolemy save that the newly-devised Scales replace the Claws of the Scorpion , 
but the remaining constellations show notable departures from them Thus the Gieat Dog 
IS replaced by a cow kneeling in a boat, with Sinus between its horns There is also a figure of a 
Hippopotamus above the Scales 

C Detaille, who describes the Denderah planisphere m ‘‘ L'Astronomie," vol 7, makes the following 
remarks on the character of Egyptian Astronomy, which seem to apply to many, though perhaps not 
to all, of its adherents “ The ancient Egyptians were astrologers, not astronomers they were unable 
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ORION AND SIRIUS ON IHE DENDERAH STRAKrllT ZODIAC 
llie becond figure fioni the right repiesents Orion Sums is portxayed as a kneelmj? cow with a stai 
between its horns The Egyptians paid great attention to observing the day when Sinus, which 
they called Sothis, rose just before the Sun This day occuried in the month now called July, about 
the tune of the rising of the Nile The latter is symbolised by the water which the figure on the left 
IS pounng out The Sothic cycle of 1,460 years was the peiiocl in which this day travelled round the 

BJgyphan yeai of 305 clays 























































star ’ was one of the Smnenan names of Sinus 
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THE CEEESTIAE sphere HST MID EATITUDES 
The diagram makes it clear tlial there is a large region round the north 
pole, the stars la which never set, and an equally large region, roimd 
the south pole, the stais in which never rise The nearer we go to the 
equator the smaller these regions become The stars m these regions 
undergo a very slow change owing to the shift in the places of the north 
and south celestial poles brought about by precession 


to distinguish the true fiom the false 
and they tried to bring the 
stars under their yoke, to make them 
serve their passions and their ambitions 
instead of bowing reverently before the 
majesty of the Universe, and trying to 
understand its laws and its grandeur ” 
The third millenmm b c must have 
been a period of great activity both m 
East and West The Chinese appear to 
have deduced fairly accurate values of 
the periods of the Sun and Moon, 
enabling them to predict eclipses, it is 
also evident that they had mapped out 
the sky into constellations at least as 
far back as 2500 B c , this is about the 
same date as that which we deduce 
for the adoption of the system of con¬ 
stellations that IS still in use amongst 
European and kindred nations, which is 
quite independent of the Chinese system 
It IS very remarkable to find the pei- 
sistence w^th which this system (ap¬ 
parently devised m or near Mesopotamia) 
was adhered to -through thousands of 


, was aanerea to through thousands oi 

years Thus the description of several constellations by Homer and Hesiod shows that they divided the 
heave^ in the same way as we do Centunes later, about 370 b c , Eudoxus wrote a full description of 
the whole system, Aratus m 270 b c wrote a poem based on this work of Eudoxus ; this has come down 
to us, and wU he dealt with m detail shortly, for the present I will note that there are several points in 
the poeni that were not true for the epoch of Aratus, they had been true when the consteUations were 
framed, but precession had modified them Hipparchus pointed out this fact, and was led by study of 
the phenomena to the discovery of precession The star-catalogue of Hipparchus, which was complied 
about 127 B c. has not come down to us in full, but we know that it contamed 1,080 stars, grouped in 
orty-eight consteUations, which were those handed down by tradition from a remote past The 
catalogue of Claudius Ptolemy, made at Alexandria about the year A d 137, contains 1,022 stars, 
grouped in the same forty-eight constellations , it is strange that it does not seem to have occurred to 
Ptolemy to observe stars outside these traditional star-groups, although there were considerable regions 
oi the sky not included m them that were well within his field of vision, notably the region under the 
^re and the Whale, where we now have the modern groups of the Dove, the Sculptor, and the Phoenix 
^shows the extraordmary tenacity with which the old tradition had been handed down for over 
2 000 years a fortunate circumstance, smce it enables us to form a tolerable estimate of the date when 
these constellation figures were formed 

I have prepared a map (page 645) showing all the southern stars m Ptolemy’s catalogue in which I 
have marked by a circle the limit of the region visible m latitude 36° North The latitude of Alexandria 

H f to the horizon I have added the corresponding circle for the 

^te 2460 B c , that IS, 2,600 years before Ptolemy, this interval is one-tenth of the great precessional 
cycle so that in it the pole moves through thirty-six degrees about the pole of the ecliptic It will be 
seen that the circle of 2460 b c is equidistant from the lower parts of the Whale and the Centaur, on 
the other hand. It cuts off the lower stars of Endanus, but we cannot include aU of these without 
an improbably late date My selected date is midway between those of R A Proctor (2170 B c) and 
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E W Mauader (2700 b c ) The latter date seems to me to cut off too much of Eridanus , I also tlunl 
that Mr Maunder’s deduced latitude of the observers who designed the constellations (36° to 40°) is 
rather too high , it would exclude Canopus, though this is mentioned by Eratosthenes as one of the 
stars handed down by tradition , also it would put Fomalhaut too near the horizon. this was one of 
the four “ Royal stars " that marked the four seasons, so that it must have been high enough for easy 
visibihty , I do not therefore feel so sure as Mr Maunder does that the latitude must be placed north 
of Babylon 

It is fairly evident that the constellations were not wholly, perhaps not even mainly, designed from 



f.1 ( D Ctomtuehn 

MAP OF PTOPEMY'S SOUTHERN STARS 

I have shown iii this map the positions as given bv Ptoleiny of ah his stars that are more than fifteen degrees south of the 
ecliptic I also show the south pole of our own tunc, of Ptolemy’s time ad 140, and of 2460 B c , the last must be close 
to the epoch when the southern constellations were mapped out by the inhabitants of Mesopotamia a?he stars of the 
Southern Cross are in Ptolemy’s Catalogue, but they are considered as part of the Centaur It wdl be seen that Ptolemy 
did not observe stars outside the old constellation figures, though many such were well placed for observation in his time, 

in particular the regions under the Whale and the Hare 
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fancied resemblances between them and the objects whose names they bear, there is such resemblance 
in a few cases (for example, the Great Bear and Onon), but in others the figure was chosen as part of 
a sjmibolical scheme 

The most explicit descriptions of the ancient figures have come down to us through the Greeks, 
though it is evident that they had received the tradition from the East Eudoxus, a pupil of Plato, 
brought a celestial globe from Egypt, and wrote a description of the figures upon it A century later, 
the king of Macedonia commissioned the young Cilician poet Aratus to put this description into verse, 
which has fortunately come down to us, and is the earliest extant document that gives a full description 
of the traditional figures that are associated with the star-groups 

The poem opens with a noble ascnption of praise to the Creator, containing the words, “ For we 
are also His offspring,'* that were quoted by St Paul at Athens, it then describes the constellations m 

order, beginning with the two Bears, which 
are here named HeJice and Cynosura , the 
use of the Little Bear in navigation is 
mentioned, sailors of that epoch, 270 b c , 
had not the advantage that we enjoy of 
a bright star close to the Pole , Beta of 
the Little Bear was seven degrees from it 
{see map, page 228) 

The Dragon comes next, an important 
constellation that contains the Pole of 
the Ecliptic, and also contained that of 
the Equator at the date when it was 
mapped out Mr Maunder notes that the 
symbols ^ 8 for ascending and descend¬ 
ing nodes {see page 216) used by astrono 
mers from time immemorial, are represen¬ 
tations of the twisted form of the Dragon 
It may be mentioned that the star Gamma 
Draconis, one of the “ Eyes charg'd with 
sparkling fire," passes exactly overhead 
at Greenwich, and was used by Bradley 
for testing the laws of aberration and 
nutation 

Aratus next describes " a Labouring 
Man in a kneelmg attitude " (Greek. " En 
Gonasm"), with “ His right foot on the 
scaly Dragon’s crest " , many writers take 
this constellation as depicting the crushing 
of the serpent’s head (Genesis in 15) 
Eratosthenes later called this constellation Hercules (probably because the figures fitted the myth 
of his fight with the Lernean Hydra), the name it still bears 

R H Allen, in Star names and their meanings," thinks that the pair of star-figures Hercules and 
the Dragon were among the earliest dehneated,and states that a cyhnder seal of date between 3000 B c 
and 3500 b c shows the device, still familiar to us, of a man kneeling on one knee with his other foot 
upon the dragon’s head There are two other considerations in favour of this early date , first we 
have seen (page 238) that the star Thuban in the Dragon was known in Egypt as the Pole Star about 
3400 B c , when the Great Pyramid.was built Secondly, we now see the figure of Hercules upside-down, 
for precession has carried it farther from the pole, and it passes to the south of our zenith But if we 
go back to 3400 b c , we find that it would be seen wholly to the north of the zenith in the latitude of 
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SOUTHERN CONSTEI^I^ATIONS 

A portion of Argo is visible m Hngland, the remaining stars in the 
picture are invisible there Argo is subdivided into Malus the Mast, 
Vela, the Sails, Puppis the Poop, Carma the Keel or Hull The 
Southern Cross was known to the ancient astronomers, being then 
farther north, it was included in the Centaur Tucana, Hydrus, 
Dorado and the Magellanic Clouds were unknown to the ancients 
The name Achernar (Arabic, Tast of the River) ongmally belonged 
to Theta Bridani, but when the much brighter star m the pictuie 
was found, the name was transferred to it 



















THE CONSTEEEATION HERCULES, OR THE KNEEEER WUimsteei’^ Atlas 

The was given by Eratosthenes Aiatus caUed it En Gonasm. The Kneeler He is crushing the Dragon’s 

Ct 30 ?B upside down but it was seen erect on the meridian, north of the zenith%?tXbyfoSlfs 

w 1 u of It has been found on a cylinder seal of that epoch This and the Dragon are probably the 

two oldest constdlation figures The heads of Hercules and Ophiuchus touch each other The picture includes the*^Crown part 

of Bootes the Herdsman, and the Serpent’s Head ’ 
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Babylon, the head of the kneeling figure being nearly overhead It must have been m this situation 
when it leceived its name, the figure of the Kneeler is then not difficult to recognise, as it is when 
it IS seen inverted 

After brief mention of the Northern Crown, Aratus's narrative proceeds to Ophiuchus, the Serpent- 
Bearer, who holds a huge reptile in his arms , it rears its crested head on high, Reaching the seven- 
starr’d crown m northern sky '' Mr Maunder notes that in 2700 b c the head and neck of the Serpent 



riicu aic several great reptiles in the constellation Uguicb , most of them maikcd impoitant points The Diagon maiked the 
Noith Pole, Hydra the Equator the Seoipion's head the \iitunm Pqumo\, and the i^eipeat’s head and neck pointed fioni the 
latter to the l*ole Some people have supposed that Ophiuchus <uid Seipcns lepusent the niythiciil fight between M*uduk «ind 
Uaniat kibra (the Scales) was formerly the Scorpion’s Claws The bow of Stigittanus (the Aichei) is seen on the left 


lay along a north and south line that when produced passed through the place of the Sun at tlu‘ autumn 
equinox Aratus notes that Ophiuchus has his feet on the Scorpion, crushing the monstci's eye and 
plaited breast'' The Claws of the Scorpion are next mentioned , they occupied the place of the group 
that was renamed Libra, The Scales, m the first century b c , up to that date the Zodiac (Greek for 
Animal Circle) consisted solely of living creatures 



Ptolemy did not give actual pictures of the constellations, but his descriptions, and those of Aratus, enable them to be drawn as they were then conceived 
All twdve were originally Uving creatures (hence the name zodiac, meanmg animal-circle), but I^ibra (the Balance) replaced the Scorpion’s Qaws The 
Southern Fish, receivmg the stream of water m its mouth, seems to have been looked on as part of the Waterman Fomalbaut is m its mouth Note 
that the Bull, Twms and Crab have their heads eastward , the other heads are westward 
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We proceed to Bootes, the Herdsman, which Aratus calls also Arctophylax, the Bear Driver, 
Arcturus, the leading star, has a similar meaning , our word Arctic is derived from Arctos, a Bear 
Bootes has a distant resemblance to Orion, the two constellations being confused by some ancient 
writers 

The Virgin is identified by Aratus with Astraca, the goddess of Justice “ Justice was shocked—the 
blood-stained earth she flies—Jove bade her welcome to her native skies ” The star Epsilon Virgmis 
is called by Aratus Protrygetor, *' Forerunner of the vintage ” The Twins, Crab, and Lion are next 
described, the Lion is associated with the hot season of the harvest The Chanoteer has the Goat 
(Greek, Aix, Latin, Capclla) on his shoulder, the stars below it are called the Kids A single star 
serves both as the foot of Auriga, and the upper horn of the Bull, the latter constellation was the first 
sign of the Zodiac (that is, it contained the point occupied by the Sun at the vernal equinox) when the 
constellations were named, the tradition remained centuries after this had ceased to be the case 
thus Virgil wrote in the Georgies, “ The bright Bull opens the year with his golden horns,” the year 


being considered to open at or about the spiing 
equinox Aratus mentions the cluster of the 
Hyades in the Bull’s Head, but he makes the 
Pleiades, in its shoulder, a separate constella¬ 
tion , he gives the names of seven Pleiades 
Alcyone, Mcrope, Cclaeno, Electra, Sterope, 
Taygete, Maia He contradicts the legend that 
one had vanished, its visibility is merely a 
test of clearness of sky and keenness of sight 

We next come to the group of six constella¬ 
tions associated with the family of Cepheus he 
and his wife Cassiopeia, In her stately chair,” 
arc close together in the northern sky , the 
bright stars of the latter make a conspicuous 
W Their daughter Andromeda is represented 
as chained to a rock, Aratus mentions the 
bright star that marks her head (it is the top 
left-hand star of the square of Pegasus), also 
her feet, her girdle, and her extended chained 
arms Pegasus, the Flying Horse, adjoins 
Andromeda 

According to legend Pegasus was the flying 
steed of Bcllerophon, who fell from its back 


C ^ NC E R ; 
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CANCICR, THE CRAB 

Ihe btais in the Crab are faint, but it coulams the interesting 
cluslci Piacscpc, the Mangci, visible, to the naked eye as a misty 
patch, of tin mistaken for a comet by the mexpei icnced On 
either side of it arc “ the twe) Asses,” Craunna anti Delta Cancii 
Ihis constclliition contained the stmimci solstice 3,00i) years ago, 
hcncc the name Tropic of Cancer 

only thc' fiont halves of the figures of 


and was killed , it is curious that it was designed 
as upside-down , Aratus makes this clear by 
saying that the Waterman has his hand on the horse’s mane , 


Pegasus and Taurus are pictured m the constellations 

It has been suggested by modern -writers, that Pegasus was looked on as having brought Pei sens, the 
Rescuer, to the scene , Aratus describes the haste with which Perseus comes, and the cloud of dust he 
raises, this evidently refers to the brightness of the Milky Way m this region Note in particular the 
two great stellar dust clouds whose photograph appears on page 474 Perseus carries the head of the 
gorgon Medusa, according to Eratosthenes , it is not mentioned by Aratus , the myth relates that 
the sea-monster was turned to stone at the sight of it The remarkable variable star Algol (t e 

ghoul, or mischief-maker) is in the gorgon's head 

Cetus, the Whale or Sea-monster, is at some distance below Andromeda, its intended victim , it is 
appropriately flanked by the river Eridanus, the Fishes, the Waterman, and the Southern Fish, 
Eratosthenes suggests that the Nile is a better title for the river than Eridanus , it is a very winding 
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river, and has been lengthened from time to time as precession brought its stars farthei north 
Ptolemy's Achernar (meaning '‘The last of the river") marked with the letter Theta on the map, 
(page 646), was probably invisible to the original designers of the constellation, after Ptolemy's 
time, the much brighter star now called Achernar was discovered, and the name transferred to it, 
this discovery made the river seventeen degrees longer 

Proctor mentions (" Origin of the Constellation Figures ") that the Sanscrit names and figures of 
the six constellations belonging to the Cepheus theme, that were current in India, resembled the Greek 



THE CONSTEIybATlON PEGASUS, THE FRYING HORSE OF BEIyEEPOPHON ^ ^ 

This constellation, like Hercules, is seen upside down , but unlike Hercules it was never seen erect by the ancients However, 
the head, neck and forelegs are so well marked out bv stais that the inversion is not important The hinder pait of the horse 
IS not portrayed in the sky The body includes a large square of bright stars , Alpheratz, the top left hand one, also belongs 
to Andromeda The lowei Zoliacal Fish is under the wing of Pegasus 


ones so closely as to leave no doubt of their having had a common origin There is a tradition that 
Pythagoras visited India In any case the Greek names were used m India as early as the fifth century 
of our era 

It IS a debated question whether the constellations were first named from fancied resemblances to 
certain figures or objects, and the stories relating to these figures composed subsequently, from the 





AURIGA, THE CHARIOTEER 

This constellation which contains a pentagon of blight stars, is just above the Bull a single stai serves for the tip of the 
Bull’s horn and the foot of Auriga Capella, the shc-goat, is on his left shoulder , Haedi, the Kids, are just below The reins 
are m his right liand The legs of Perseus and the Giraffe are on the right side of the picture, those of the l^ynx on the left 
Capella, with Beta, Theta and Iota makes a figuie resembling the Southern Cioss on a larger scale 
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manner m which the figures were grouped, or, on the other hand, whether the stories were already 
known, and the constellations designed in order to illustrate them Proctor adopted the former view, 
but the latter seems more probable , first because the resemblance of the star-group to the object is 
often very slight (suificient for adaptation, but insufficient for originally suggesting the name) , 
secondly because, as Mr Maunder shows m “ The Astronomy of the Bible,"' the arrangement of several 
of the constellations m connected groups appears to form a designed scheme The pole and the equator 
were both marked by serpentine forms (the Dragon and Hydra) while the head and neck of the serpent 
held by Ophiuchus might be said to mark the autumn equinox , the Whale, another serpentine form, 
was under the position of the spring equinox 

So when we find a group of constellations illustrating the Deluge narrative we are not to take it 
that the constellations gave rise to the story, but the converse This group, like the Cepheus one, 
numbers six constellations I believe Dr John Lamb, the translator of Aratus, was the first to notice 
its connection with the Deluge narrative It 
IS strange that Proctor, writing later, claims 
the idea as his own, though he must have 
known Lamb’s book, as he quotes from it 
elsewhere The great constellation Argo, so 
large that in mod'^n times it has been found 
convenient to make the Mast, Iht^ Sails, the 
Poop and the Hull separate groups, represents 
the Ai k It IS drawn resting on a mountain 
Th(^ Kaven sent out from it is seen on Hydra's 
b<ick, dc'vourmg its flesh The Dov<‘, under 
the Hare, is placed appropriately near the 
Ark, it IS not, however, one of the ancient 
constellations 

I may remark that Eratosthenes includes 
the bright star Canopus in Argo, though it 
was too far south to be seen in (ireece , he 
probably learnt of its existence when he was 
in Egypt 

The Centaur is an interesting constellation 
to us, since its brightest stai Alpha Centauri is, 
with one exception, the Sun's nean'st stellar 
neighbour The star occurs in Ptolemy's 
catalogue, but its relative nearness to us was 
not known till about ninety y(‘ais ago 
Ptolemy included in the Centaur the group 
now known as the' Southern Cross, that name 
not being given for several ceiituru^s after his 
time (The two stars forming the upright of the Cross are pointers to tlu‘ south pole, as the well- 
known stars in the Great Bear arc to the north) 

The constellation story differs in one notable respect from those in Genesis and in the Babylonian 
tablets They both describe the builder of the Ark as a man, but here he is portrayed as half man, 
half horse , the neighbouring constellation Sagittarius, the Archer, is drawn in a similar manner The 
Centaur carries a beast (now called Lupus, the Wolf) in his right hand, apparently intended as an olfering 
for the adjoining Altar Proctor notes that some modern star-maps absurdly draw the Altar upside- 
down , it IS quite clear that in the time of Aratus its top was to the north The streams of thc' Milky 
Way form the clouds of smoke rising from it, the Bow of Sagittarius is placed in these clouds The 
Southern Crown is under the forefeet of Sagittarius 
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ORION AND I^IfRIIvS 

Hclclgcu/e, fioui the Aiabic Ibt al JcUis''tih, iiimus Anupit ol 
Iht Ctulial One Uigil iiiLans Fool (Ilebicw, Ucj^el) , 
Bclhiliiv IS ntiiiii fot a Fenuile Wainoi , vSeUph iiic<uis Sword 
riic vSwouHLuidk coiilams the. (*reat Nebula, shown by dots 
midu the Belt Ihc thicc little stais above Bcllatuv pvc their 
iitinic to tht ChiiKfac liiiiiii niiUisioii wink isau is the iijjjhi” 
hand stai of the Belt The row of staib above Bctelj?cu/e forms 
the Club, tluxt to tin right of Bdlatux the biou skin, formerly 
diawn as a shield The clntf stai of TyCpu*^ has tbe Arabic name 
Aincb, a Ilaic (Ilcbicw, Ainc.beth) 
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Capricornus, the Sea-Goat, is another combination of two different natures, having the fore part 
of a goat, and the hind part of a fish As this design is found on some Babylonian boundary stones, it 
IS not a Greek invention , the Greeks, however, nungled their own mythology with the constellation 
figures that they took over from the East, identifying the Centaur with Chiron, and the Goat with 
Pan The fish's tail may be suggested by the fact that the Goat occurs in the Watery Region," being 
followed by the Waterman and the Fishes The Waterman is pourmg a stream of water from his 
vessel into the mouth of the Southern Fish (distmct from the Zodiacal Fishes) The bnght star Fomal- 
haut marks the Fish's mouth Ptolemy treated it as belonging to the Waterman, this accords with its 
designation as one of the four Royal stars These originally marked the four seasons Aldebaran the 
vernal equmox, Regulus the summer solstice, Antares the autumn eqmnox, and Fomalhaut the winter 
solstice, the respective dates when they occupied these positions are 3000 b c , 2450 B c , 3000 B c , 

2500 B c The mean is about 2700 B c , 
but no stress can be laid on this as deter- 
mimng the exact date of naming the 
constellations, for at that remote epoch 
It appears that the seasons were marked 
not by the actual conjunction of the Sun 
with the star, but by the date of the star's 
hehacal rising 

The zodiacal constellation of the Fishes 
has contained the equinoctial point since 
the first century B c It is a large con¬ 
stellation , one of the Fishes is under the 
square of Pegasus, the other is to the 
left of that square They are represented 
as tied by their tails with long ribbons 
marked by hues of faint stars , these 
nbbons meet at Alpha, the brightest star 
of the constellation 

The splendid constellation Orion is the 
centre of another connected group Orion 
himself IS represented as a hunter His 
right arm is raised, brandishing a club , 
the left arm holds a lion skin His belt is 
marked by three bright stars, and his 
sword hangs below it The allied con¬ 
stellations are the Hare, and the greater 
and lesser Dogs From his attitude, Orion 
appears to be specially menacing the Bull, 
which has lowered its horns as though to 
meet the attack Proctor notes that the 



THE MIDNIGHT CONSTEIJ^ATIONS OF SPRING, 2700 B c 
This lUustiation fits m with that of the winter constellations We see 
the Centaur’s spear holding the animal called a Mad Dog by the 
Sumerians, a Wolf by the Greeks It was obviously ongmally some 
sacrificial animal mtended as a victim for the Altar Modem star 
maps draw the Altar mverted , its ongmal position is as shown here 
The star clouds of the Milky Way form the smoke from the Altar In 
the clouds is the Bow of the Archer Above are the Scorpion, the 
Eagle, and the Serpent 


group IS described in the poem known as the ** Shield of Hercules " — 

Men of chase 

Were taking the fleet hares , two keen-toothed dogs 
Bounded beside 


It is rather smgular that almost all the old descriptions describe Sinus, the chief star of the Great Dog, 
as red Ptolemy gives it “ the colour of fire " Some Babyloman records " the colour of copper " It is 
now of a^^briUiant white, and the stages of a star's life are so prolonged that it is difficult to imagine that 
so great a change m the star's condition could have occurred in 2,000 years , this interval bears the 
same sort of proportion to a star's whole career as an hour does to the life of a man 





Splendour of the Heavens 


657 


There is but one more group of constellations to describe, it comprises the two great birds, the 
Eagle and the Swan Aratus gives legends connecting both with Jupiter, the Eagle being said to have 
carried Ganymede to Olympus The Lyre is said to have been made by Mercury, who stretched strings 
across a tortoise-shell, it contains Vega, the brightest star north of the equator The Dolphin, a neat 
compact little group, shaped like a diamond, is said to have been sent by Neptune to bring his bride 
Amphitrite to him Near it are the small constellations of the Arrow and the Little Horse (Equuleus) 
The following are the lines in which Aratus describes the Milky Way — 

If with admiring ken some cloudless night, 

When no full moon obtrudes her jealous light, 

To the high heavens thou lift the stairy eye, 

A radiant girdle belts the azuic sky 
A pearly pavement softly bright it seems 
Its silvery whiteness rivals Cynthia's beams 
The Milky Zone, no other circle given, 

Ihus visible to mortal eye in Heaven 

—Dr Lamb's translation 

This mention of celestial circlcb leads Aratus 
on to trace the positions of the equator, 
and the tropics of Cancer and Capricorn 
He notes that an object on the northern 
tropic is abov(' the horizon for hfteen 
hours, oiu' on the southern tropic for nine 
hours, this would be the case in latitude 
41°, but, as he is probably only using round 
numbers, we cannot press this closely 
Though his descriptions of the positions 
of the circles are not strictly accurate 
for his epoch it is of interest to give them 
The tropic of Cancer tiavcrscd the 
heads of the Twins, the knees of the 
Charioteer, the leg and right shouldei of 
Perseus, the right arm of Andromeda, the 
hoofs of l\‘gasus, the neck of the Swan, the 
head of Ophmehus, the body of the Lion, 
between the eyes of the Crab The tropic 
of Capricorn traversed the middle of the 

Goat, the feet of the Wateiman, the tail of the Wlhilc, the Hare, the Dog’s legs, Argo, the Centaur’s 
shoulders, the Scorpion’s sting, the bow of the Archer 

The equator traversed the middle of the Ram, the knees of the Bull, the girdle of Orion, the coils of 
Hydra, the Cup, the Raven, the Scorpion’s claws, the knees of Ophiuchus, the head and neck of Pegasus 
One curious point about the zodiacal constellations is hinted at by Aratus and developed by 
Manilms They have their heads westward to meet the Sun, except the three consecutive ones, the 
Bull, the Twins and the Crab, whose heads are eastward Mamhus suggests that their attitude explains 
the slower motion of the Sun m that region, of course really due to the Earth’s greater distance from 
the Sun in the northern summ,er 

The constellation names of Aratus are of Greek origin, with two possible exceptions Bochart 
suggests that Pegasus is from the Phoenician Pega, a bridle, and Sus, a horse , Brown derives the name 
Orion from the Akkadian Uru-anna, the light of heaven if this is so, the name came to Greece very 
early, as it is used by Hesiod and Homer The star names of Aratus are also Greek, besides the seven 
Pleiades they are Arcturus, Protrygetor, Aix, Sinus, Procyon, Eratosthenes adds Canopus, and also 
the name Stachys, an ear of corn,” the Latin Spica 



l^rom Astronomy of tht- IhhU ” 
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XIIK MIDNIGHT CONvSTICIyTyATJONS OL WINTICR, 2700 B C 
111 llic lowci light hantl wc see the' gieat vcfesel called Algo by llie 
Giccks, but buppose<l oiiguiallv to lepie&eiit the Aik It usts on a 
mountain, above it ih the W<iter snake, with the Raven peeking at 
its ilebli To the Icit is the Centam, holding an animal on Ins spear, 
obviously intended as victim Xoi the Altai 
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The foUowing Latin names are now in use —Polans, CapeUa, Regulus, Castor, Pollux, Bellatnx 
{Gamma in Onon), ^indemiatrix (Epsilon m the Virgin) Further we use the Greek name Antares, 

the nval of Mars, for the bright red star in the Scorpion , most of the other star names now in use 
are Arabic 

Having now descnbed the star-groups that were received in Egypt and Greece, I proceed to the 
Babylonian system, which is presumed to have been the origin of the other I am indebted for this 
to Father Kugler s Sternkunde und Stemdienst in Babel ” The origin of the groups went back to 
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Sumerian times, and m most cases the Babylonians continued to use the Sumerian symbols for the 
names in their cuneiform tablets, though probably they used Babylonian names in speaking We have 
a somewhat similar practice , we generally have Latin constellation names printed on our star-maps, 
but often turn them into English ones in conversation [See for example page 427, where Aquarius and 
Piscis are printed on the map, but translated below) Thus, the Scorpion was written Gir-Tab but called 
Aqrabn, the latter is practically identical with the Hebrew and Arabic names tor a Scorpion, the Araoic 
name for Gamma Librae, Zuben Hakrabi, the Scorpion's Claw, is still in general use 

Kugler cites tablets going back into the third millemum B c that mention the names of some 
constellations, but the earliest systematic list that has come down to us is referred by him to 1000 b c 
This so closely resembles Ptolemy’s list as to leave little doubt that the constellations adopted in the 
West had their origin in the East 

There is a similar division into three groups, northern, central, and southern, the Babylonians 
dedicated these to the gods Enlil, Anu, and Ea respectively, the numbers of constellations m the three 
groups are thiity-threc, twenty-three, and 
fifteen lespectively , the middle group com¬ 
prises twelve equatorial ones, and eleven 
adjacent to these Ptolemy’s numbers aie 
twenty-one, twelve, and fifteen , the dilfei- 
ence of numbers merely means that separate 
names were given to parts of constellations, 
much as we now divide Argo into foui parts 

A few of the Sumerian names may be 
mc'ntioned PcTseiis and Andromeda are 
Sugi and Lulim Arcturus, Sinus and Spiea 
are bupa, Kaksidi and Absim (the latter is 
described as “an ear of corn”) Castor 
and Pollux aic Mastabba Galgal, the Cireat 
Iwms Dilgan is not Capella, as some people 
thought, but IS a group of stars in the Watei- 
m<in, near the Whale , the mistake arose 
from assuming that the Sumerians began 
their ye<ir neai the equinox, when as they 
began, as we do, about the winter solstic(‘ 

Mul-mul (meaning the ” Seven great gods ”) 

IS the Pleiades 

The Lion is Urgula (Kugler states that 
the literal meaning is ” Big Dog,” but a lion 
was evidently intended) As in Ptolemy, 
the constellation later called Libra is known as the Claws of the Scorpion Our Great and 
Little Bears are two waggons, Margidda and MargidcU anna ” The star that stands m the 
pole of Margidda anna is the son of the goddess Nirunah, the firstborn of the god Anu ” This 
refers to the pole star of that epoch, presumably Bela of the Little Bear, which was six and a half 
degrees from the pole in 1000 b c The Lyre is Uza, its chief star Vega is Nibu The Dolphin 
IS Sahu, the Pig (compare the German Meerscbwcm) Hydra, the Raven and the Eagle aie called 
by Babylonian names that are synonymous with the Greek onc'S, but the Swan and Pegasus 
are grouped together as the Panther , while the name Sisu, Horse, is given only to the Little Horse, 
Equuleus 

The Wolf, the Centaur and Argo appear under the names Ur-Be (“The Mad Dog,” not a very 
acceptable victim for the Altar), Entena massig and Nunki No hint is given by Kugler as to how the 
Centaur was pictured Allen states that it was given the figure of a bull, instead of the man-horse 


ER\ NUS 


lUUDANUS, Tim KIVI'^R VO 

Thm IS a vciv long constellation, wiiulmg between Oiioii tUid the 
WlLik It has been guidually c ^tended fai the i south, <is pi eecssion 
hi ought new stais into view It is eonjectuicd that the Rivci 
depicted may oiiginallv have been the Nile, a much inoie famous 
sticam than the Po 
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combination The Southern Cross is entitled Gan-Gusur, ‘‘ The weapon of the god AmalAlpha 
and Beta Centauri are named Lugal, '' King/' and Pa 

Kugler identified the Babylonian constellations by putting together a large number of statements 
about stars that rose and set together, and about the angular distances between certain stars , a great 
deal of labour was involved, but the results appear to be practically free from doubt One interesting 



HYDRA (THE WATER SNAKE), CRATER (THE CUP), CORVUS (THE RAVEN) 

Hydra is a very long consteUation, and formerly marked the celestial Equator Corvus, the Raven, is supposed to be the 
bird associated with the Deluge narrative It is plucking at the flesh of Hydra, symbohsmg the disappearance of the 
Deluge water The Arabic name for the Cup is A1 Kas (Hebrew Kos, a Cup) The brightest star is caUed Alkes, a corruption 

of this word 


fact may be mentioned From the beginning of the first Babylonian dynasty (about 2000 B c) the 
first month, called Nisan, began with the heliacal rising of Aldebaran , this occurred on the average 
thirty-six days after the equmox The changing date of New Moon would cause an oscillation of a fort- 
mght each way Some 1,300 years later Hamal, the chief star of the Ram, was substituted for Aldebaran 




ORION AND nim IIARL. 

Almost all nations have seen the form of a giant, either Huntci or Wainoi, in this star gionp Jlic Llunc'^c arm liini ■with 
a hatchet instead of a Sword and Club The Belt is marked by three blight btais , it is close to the celestial Bquator 
Betelgeusc is m the right shoulder, Rigcl m the left foot His attention scciiib to he divided between the Hare and the Bull, 
that with lowered horns resists his onslaught The legs of Monoccios (the Unicom) tUid of the Big Dog, aie seen on the left , 

the winding river Kiidaims on the light 
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In Sumerian times, about 2700 B c, the year began about our January or February The fifth 
month was called Antasurra, the name being stated to have reference to falling stars , Kugler con¬ 
jectures that these may have been the Perseid meteors, which then came about two months earlier 
m the year than they do now, owing to perturbations of the orbit and precession 

Kugler prints an early Babylonian document containing what he regards as the first hint of the 
“ Stations of the Moon that were adopted later These stations are simply a division of the Zodiac 
into twenty-eight or sometimes twenty-seven portions, corresponding to the daily journey of the 
Moon , this arrangement was made independently in China, India, and Arabia Kugler notes that the 
twenty-eight Nakshatra in the Indian Veda begin, like the Babylonian list, with the Pleiades , the 
latter list runs thus Pleiades, Hyades, Orion, Perseus, Charioteer, Twins, Crab, Lion, Virgin, Claws, 
Scorpion, Archer, Goat, Southern Fish, west part of Waterman, east part (Dilgan), Fishes, Ram 
(Total 18 ) This is simply the twelve zodiacal constellations with a few additions, and needs much 
alteration to make it a set of Moon-Stations 

I pass on now to describe the Biblical allusions to the constellations There are first some associa¬ 
tions between the signs of the Zodiac and the Twelve Tribes Josephus says of the twelve stones m 
the high priest's breastplate, “Whether we understand by them the months, or the signs of that 
circle which the Greeks call the Zodiac, we shall not be mistaken in their meaning ” In Joseph's 
dream the Sun, Moon and eleven stars, or constellations, bowed down to him The badge of the tribe 
of Joseph (or Ephraim) was a Bull, which at that time was the leading zodiacal sign The eleven 

would be the remaining signs 
In Numbers ii there is refer¬ 
ence to the standards of four 
of the tribes that of Judah on 
the East, of Reuben on the 
South, of Ephraim on the West, 
of Dan on the North Tradition 
gives as the badges of these four 
standards a Lion, a Man and a 
River, a Bull, an Eagle and a 
Serpent Genesis xhx shows the 
appropriateness of at least three 
of these Verse 9, “ Judah is a 
lion's whelp" {compare Apoc 
V 5, “ The Lion of the tribe of 
Judah") Verse 4, “Thou 
(Reuben) art poured out as 
water" There is no direct 
allusion to the Bull, the third 
emblem , but in verse 22, “ The 
daughters run upon the wall," , 
Mr Maunder notes that the 
word for wall is Shur, which 
differs only by a vowel point 
from the word for Bull, which is 
Shor The vowel points were 
not added till centuries after 

i,;i The Chinese signs axe quite independent of those used in the West They are the the consonantal text was written 

'|1 Dog (our Ram), the Cock (our Bull), the Ape (our Twins), the Ram (our Crab), the y- , ,, a -r, ■Rnll 

1|| Horse (our I^ion), the Serpent (our Virgm), the Dragon (our Scales), the Hare (our taKe tne reading as JOUll, 

1 ! Scorpion), the Tiger (our Archer), the Bull (our Goat), the Rat (our Waterman), the “ daughters " WOUld be the 

ii| the Pig (our Fishes) Six are tame, and six wild The numbers round the circle -oi j x u u 

1 show the lyunar Mansions contained in each Sign Pleiades on itS Shoulder 



From Saussure ] [“ VAsironomie Chmoise * 

THE TWEIyVE SIGNS OF THE CHINESE ZODIAC 
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As regards the eagle and serpent, —^qumoxedauiomne 

Dan IS referred to in verse 17 as '‘A 
snake in the way, a serpent in the path 
that bitcth the horse's heels " We 
have in close proximity to each other in 
the sky the Eagle, the Serpent-Bearer, 
and the Scorpion biting his heels It 
will be noted that at the date in 
question the Lion and the Waterman 
marked the summer and winter sol¬ 
stices, while the Bull and Scorpion 
marked the Spring and autumn equin¬ 
oxes 

We obtain, as Mr Maunder points 
out, some confirmation of the tra¬ 
ditional emblems on the standards by 
the words of Balaam as he looked down 
on the Israelite host (Numbers xxiii 22), 

His strength is like to the wild ox " 

(Hebrew, Reem) Again (verse 24), 

‘'The people shall lift itself 

up as a bon ” Again (xxiv 7), “ Water 
shall flow out of his bucket " 

The four living creatures, Man, 

Lion, 0\, Eagle, occur again in the 
Vision of L^zekiel (i 5 to 14) They arc 
again mentioned m Apoc iv 7, and 
were afterwards taken as emblems of 
the four Evangelists , thus, for example, 
we have the winged hon of St Mark at Venice 

We also find the Signs of the Zodiac referred to collectively in two passages first passage, Job 
xxxviii 32, " Canst thou bring forth Mazzaroth in their season ’ " second passage, 4 Kings xxm 5, 
" Them also that burnt incense to the Sun, and to the Moon, and to the Mazzaloth, and to all the host 
of heaven " Before the decipherment of cuneiform inscriptions, there was considerable doubt about the 
meaning of the terms Mazzaroth and Mazzaloth But the position is now dilfcKml , the word Misrata 
occurs in the Babylonian Creation Epic in context which leaves no doubt that it refers to the division of 
the Zodiac into twelve parts , a further subdivision of each into three' sections is hinted at The verb 
masaru means to divide (L W King) , this only diffeis from the root letters of Mazzaroth by the 
substitution of the letter Tsade for Zaym We may therefore confidently adopt '' The signs of the 
Zodiac " as the meaning of Mazzaroth The bringing them forth in their season would refer to the 
regular succession m which they appeared in the course of the year, after being veiled by the presence 
of the Sun 

Mazzaloth may be merely a variant for Mazzaroth , there is, however, an appropriate Assyrian 
word in this case, Manzaltu, “ Station," from the rootNazazu to stand , so that the reference may be 
to the Zodiac as divided into the twenty-eight “ stations of the Moon " instead of the twelve solar 


sduiaiuud ap 9X0U{nb:20 

hfoin '^aus’ivfi, ) U ^slTOUOinie Chinoise*' 

Tim XWICNTY-UIOTIT CillNl^Sn' lyUNAU MANSIONS 
The pictmc shows the arrangement ol the twenty eight vSicou, oi I^unar 
Mansions Noic the palaces of the four seasons, I’rmtcmps bemc; Spring, 
hytii vSummei, IIivu Wnitei The central sign of each palace contains three 
Sieou, the others contain two The lust Sicou, IMao the Pleiades, coineb m 
the Autnmii p«ilace, since the Pull Moon is hcic at the autnmnal equinox: 
Tscu and Than aie in Oiion, Sing ib Alphaid m Ilydia, Kio is Spica, Sin is 
the DragoiPs llcait (Antares) h'aeli Sieou is a tiiangle with its apex at 
the pole of the equator Thev weic used in the Chinese cometary 
observations 


signs 

There are several Hebrew constellation names in the Old Testament, whose identification has been 
the occasion of much discussion Job ix 9, “ Who maketh Ash, Kcsil, and Kimah, and the chambers 
of the south , " Job xxxviii 31, " Canst thou bind the chains (or, sweet influences) of Kimah, or loose 
the bands of Kesil" Verse 32 mentions Mazzaroth, and also Ayish, which is probably the same as 
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Ash Amos v 8 again mentions 
Kimah and Kesil There as 
httle dispute now about these 
two , they are taken to be the 
Pleiades and Orion respectively, 
Kimah appears to mean a col¬ 
lection or cluster, like the 
Assyrian Kimu or kimtu, 

“ family'' If the translation 
“ sweet influences ’’ is correct, 
it would refer to the beauties 
of Spring that open out when 
the Sim passes the cluster 
Kesil means a fool or impious 
person Tradition connects the 
giant hunter in the sky with 
Nimrod (Genesis x 8) con¬ 
jectured to be Merodach (more 
correctly spelt Marduk) Gibbor 
IS the Hebrew for a giant or 
mighty man (the root occurs in 
the name Gabriel) and Orion 
has long been called Algebar or 
Gabbara the Giant, Long¬ 
fellow's poem, " The occupation 
of Orion," regards him as the 
embodiment of lawless violence , 
this tradition seems to accord 
well with the designation Kesil 
Mr Maunder notes that he is 
portrayed in the heavens as 
trampling on the timid hare, 
and trying to climb into the 
Zodiac, being prevented by the 
determined attitude of the 
guardian Bull It has been pointed out that the name of the month Kislev (approximately our 
December) contains the same root letters as Kesil, it is the month when Orion is best placed for 
observation, shining throughout the night There may therefore be a connection between the names 
The identification of Ash or Ayish is less certain , there are two nval views that are both plausible 
Schiaparelli favoured Aldebaran and the Hyades, noting that early Synac translations use lyutha 
for Ash, and lyutha almost certainly refers to this stellar group Also Ash means a moth, and the 
Hyades resemble a moth with its wings folded 

Others favour the view that Ash is the Great Bear, noting that the Arabs call the four bright stars 
in the body of the Plough by the name na'sh, " the bier " , we still call the star at the end of the 
handle Benetnasch, " daughters of the bier " 

As to the Chambers of the South " in Job ix 9 we can only conclude that they refer to some of 
the brilliant constellations that were seen near the southern horizon, the fine group formed by Argo, 
Centaurus and the Southern Cross has been suggested 

South and North are placed in antithesis in Job xxxvii 9 The word for north is mezanm, scat¬ 
terings " Schiaparelli noted that with a change in the vowel points this would make mizra 3 nm, " the 


CHINE^SEJ CBnKSTIAn GlyOBE 

Ko Show-King made a cdestial globe, tnniuig by machinery, that showed the equator, 
ecliptic and principal star groups The globe in the picttire is more modem, but 
probably similar m design 
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two winnowing fans '' , he thinks that this may denote the chief stars of the Great and Little Bears, 
whose outlines are quite suggestive of winnowing fans 

We have ourselves alternative names for the seven bright stars in the Great Bear, using the names 
“ Plough ” and Charles' Wain," while the Americans call them the Big Dipper " , it is therefore 
not unlikely that in old times they had more than one name There are two passages (Job xxvi 12,13, 
and Isaiah xxvii 1) that refer to some of the serpentine constellations The former passage is shown 
to have an astronomical bearing by the " adorning of the heavens " in the first half of the verse The 
Hebrew "nahash bariah" has been variously rendered “ crooked, winding, swift, oi gliding serpent/' 
but fugitive serpent " seems to accord best with the root meaning of the word This phrase would 
accord with the serpent that is m the grasp of Ophiuchus, and endeavouring to escape 

“ Nahash bariah " occurs again in Isaiah xxvii 1, and is followed by “ nahash aqallathon," the 
crooked serpent," which is almost certainly our Dragon , its tortuous windings are shown on page 649 
The passage continues with " the whale (Hcb tannin) that is in the sea " This is probably our Cetus, 
the whale Job xxvi 12, refers to Rahab, the proud " Mr Maunder sees here anothei reference to 
the whale," the Septuagint reading Ketos 

We find the Dragon mentioned again in Apocalypse xii We have already alluded (page 238) to 
the possibility that the great dragon " whose tad drew the third part of the stars of heaven and cast 
them to the Earth " may have a reference to the departuic of the Dragon from the place of honour at 
the top of the celestial sphere Mr Maunder notes that the subsequent verses, And the serpent cast 



CHINFSB ARMiniyAKY SPHF<RE 

This large m«?tiument was elected bv Ko Show King, official astronomer under Kubla Khan, about ad 1270 It lephiccd 
an older instrument made about 1050 It will be seen that it turns about a polar a\is, and has clicks coiresponding to the 
horizon, equator, ecliptic and several meridians One of the latter carried a tube, movable about the centre of the spheie, 
for pointing to a heavenly bod^ The circles are some six feet in diameter, .uid aic giadmitcd m Chinese dcgices, 166^ t<^ 

the ciicnmference 
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out of his mouth . water as a river and the Earth opened her mouth and swallowed 

up the river which the dragon cast out of his mouth/' agree closely with the configuration of Cetus 
and Endanus {see pages 668 and 659) The River Eridanus flows ]ust in front of Cetus, and extends down 
to the southern horizon, where it appears to he swallowed up by the Earth The chapter begins with 
the words, A great sign appeared in heaven,'* which lends support to the view that the imagery is 
derived from the constellation figures 

We may note that the Scripture writers, while adopting the constellation figures of the Babylonians, 
did not follow them in their childish myths concermng their origin A much nobler view of the real 
significance of the wonderful celestial pageant is expressed in the fine passage in Job xxvi 14, ** Lo 
these things are part of His ways, but how little a portion do we hear of Him The thunder of His 
power who can understand ? " 

The ancient Chinese Zodiac is quite independent of that in use in the West, it has varied at 
different times, but the following appears to be the original arrangement — 



Chinese 


Western 


Dog 

Cock 

Ape 

Ram 

Horse 

Serpent 

Dragon 

Hare 

Tiger 

Bull 

Rat 

Pig 


Ram 

Bull 

Twins 

Crab 

Lion 

Virgin 

Scales 

Scorpion 

Archer 

Goat 

Waterman 

Fishes 


For the last three or four centuries 
the Chinese have adopted a zodiac 
practically identical with that in use 
in the West 

The Chinese appear to have used 
the lunar mansions or Sieou to a greater 
extent than the twelve signs These 
were twenty-eight in number, and 
were based on the celestial equator, not 
on the ecliptic Each mansion was a 
triangular patch of the heavens extending up to the north pole, so that a statement that a heavenly 
body was in a particular mansion gives no information as to its distance from the equator Several 
of the cometary observations are of this charactei, and it is less easy to utilise them than if a reference 


CHINRSP CFLBSTIAL RMBLRMS 
The designs here shown are the Ancestral Cups, with Apes (a Zodiacal 
constellation) upon them the Aquatic plant (identified with Launis 
Cassia) Fire (emblem of summer) Rice grams, ssmibohcal of the 
harvest, and of the fertility produced by the Sun The Hatchet, the 
weapon of The Warrior (Orion) , and the Double Zig-Zag 


were given to the actual stars near the comet 

Each Sieou is called after some star or group of stars Thus Mao is the Pleiades, Tseu and Tsan 
are respectively the head and belt of Orion, Sing is Alpha Hydxae, Elio is Spica, Fang is a group in the 
Scorpion It will be noticed that the mansions are very unequal in size 

They are divided into four groups or palaces, seven in each palace These correspond with our 
four seasons The reason of the inequality m size of the mansions is to make them fit accurately into 
the twelve zodiacal signs , the middle sign of each palace contains three mansions, which are therefore 
small, while the two outer signs contain two mansions apiece The spr ing palace is called Tsing Lung, 
the Green Dragon (its centre constellation is our Scorpion) , the summer palace is Choo Neaou, the 
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Red Quail, its centre is marked by the Quail-Fire, or Heart of the Quail (our Alpha Hydrac, or 
Alphard) , the autumn palace is Pih Hoo, the White Tiger (its centre is our Orion), the winter palace is 
Heung Woo, the Black Tortoise It is easy to see the appropriateness of associating Green with Spring, 
Red with the fiery heat of Sunanaer, Black with the gloom of winter The palaces were also associated 
with the substances that the Chinese looked on as elements Wood with Spring, Fire with Summer, 
Metal with Autumn, Water with Winter, Earth in the centre of all The Chinese gave the following 
poetical reason for this association — 

Wood pievails over Eaitli by absorbing it 
Metal prevails ovei Wood by cutting it 
Flic prevails over Metal by melting it 
Water pievailb over Fire by quenching it 
Earth prevaiK over Water by absoibmg it 

The annual cycle of seasonal changes is 
thus symbolised 

The lunar mansions begin with 
the region associated with the autumnal 
eqiuno\, not with the spring one, like 
the zodiacal signs Ilu^ reason is that 
they are associated with the Full Moon, 
which IS alw<iys opposite to the Sun 
The symmetry of arr<uigement of the 
mansions made* it easy to infer the 
position of tlu Sun by noting the place 
of Inill Moon and taking the opposite 
mansion 

I he intimate association that the 
Chinese imagined to exist between the 
terrestrial and celestial regions w<is 
mentioned m the chapter on comets , 
an interesting c‘\ample is given by 
Pcire Gaubil states that two famt 
stars in the Dragon, that were the ])ole 
stais of the twenty-seventh and twenty- 
third centuries b c respectively, were 
named “ The unique of the Heavens " 
and "The unique Supreme” These 
celestial titles are closely analogous 
to that of the Empeior of China, who 
was called " The unique man ” If the stars have been correctly identified by Gaubil, their detection 
as pole stars reflects great credit on the early observers for the star Thuhan m the Drogon was much 
brighter, and not far from the pole (see page 228) 

A few of the Chinese names of stars and constellations may be given The seven bright stars of 
the Great Bear were Pih Tow, the Chariot The northern of the pointers was Choo, the feet of the 
Bear San Tae Arcturus was Ta Kio, the Great Horn Vega, with some neighbouring stars, was 
Chih Neu, the Spinning Damsel Castor and Pollux were Ho Shoo, or Pih Ho The Milky Way was 
Teen Han or Tien Ho, the Celestial River The region round the pole, that never set, was Tsze Rung 
or Tsze Wei Yuen 

I am indebted for the above to Williams, " Chinese Comets,” R H Allen, ' Star Names,” and 
Saussure, " Les Ongmes de TAstronomic Chmoisc ” 

Some mediaeval Chinese astronomical instruments are depicted on pages 640, 664, 665, these arc 



CIIINbgSF. Cm^bJSTIAE 

The clebij^ns aiL icpioduccd fiom a Chincbe woik of ai> but aie 

supposed to be copied fiom oldei oiimii.ils llicy ait The Cock (a 
zodiacal constellation, anti a symbol of the Sun) , The llaic (a -fSothacdl 
constellation, and a symbol of the Moon, it is poimtlniK drafts m a 
moitai) The Stai K'loup, Ihc Mouiitam, The Duif?ons (a /odmeal 
constellation), The Pheasant (a constellation) 
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probably of similar design to those used in very ancient times It is clear that China was one of the 
leading nations of antiquity in astronomical study But it was isolated from other nations, so that 
the discoveries made in it did not reach them, and they had to find them independently India is an 
exception, Saussure proves that many points in its ancient Astronomy show traces of Chinese influence 
It remains to say something about the Arabic star-names The fact that so many of these have 
been universally adopted is testimony to the zeal of the Arabians and their assiduity in study not merely 
of the constellations as a whole but of the individual stars This was doubtless partly inspired by their 
utility as gmdes for travelling at night across the trackless deserts Indeed, there is little doubt that 
among all the ancient nations star-knowledge was far more widely diffused than it is to-day Before 
the introduction of clocks and watches they afforded the only method of measuring the progress of 
the mght We find a character in Euripides asking “ What is the star now passing ’ The reply. 
The Pleiades show themselves m the East, the Eagle soars in the summit of heaven,’' conveys all 

the information he 
desires Study of the 
monthly star-maps in 
this work will enable our 
readers to place them¬ 
selves on a level with 
those old observers 

The Arabic names are 
in many cases almost 
identical with words in 
Old Testament Hebrew, 
there are some words 
that occur m several star 
names, so it is useful to 
give them Ras, a head 
(Hebrew, Rosh), Ri]l or 
Rigel, a foot (Hebrew, 
Regel), DeneborDanab, 
a taxi (Hebrew, Zanab) , 
A1 is simply the definite 
article “the “ Janu- 
biyyah, corrupted into 
Genubi, means “south¬ 
ern “ , Shamaliyyah, 
corrupted into Chamali, 
means “northern 
These latter names occur 
m the Scorpion's Claws, now Alpha and Beta of the Scales Most of the stars down to the third 
magmtude, and some still fainter, possess Arabic names it must suffice here to give the meanings 
of those of a few of the brighter stars Betelgeuse in Orion is a corruption of Ibt al Jauzah, “ the 
armpit of the central one “ 

Vega, m the Lyre, is from the Arabic Waki, this star was sometimes called the Falling Eagle, while 
Altair in Aquila is a contraction of Al Nasr al Tair, the Fl 3 nng Eagle (the Hebrew for an eagle is Nesher) 
The star that we now call Polaris had the Arabic name Al Rukkabah, the Chariot or Charioteer, 
(Hebrew, Rekub) 

The seven bnght stars in the Plough have all Arabic names [see figure on this page) Dubhe means 
“bear “ (Hebrew, Dob), Merak “ the loins," Mizar “ the girdle," Benetnasch “ the daughters of the 
bier " 
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From “ The Heavens and the\r Story " By A & W Maunder ] 

By kind permission of the Epworth Press ] [Photograph by F W Longboitom 

THE STARS OP THE PI^OUGH 

The photograph shows the seven bright stars of the Plough, part of the Great 
Bear Dubhe means Bear (Hebrew, Dobh), Merak I^m, Pheeda Thigh, Megrez 
Root of Tail, Aiioth Tail (doubtful), Mizar Girdle, Benetnasch Daughters of the 
Bier Hence the Hebrew Ash is conduded to be the Plough The meaning of Alcor 
IS doubtful, another Arabic name for it was Snha, the lost or neglected one 
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Achernar “ the last of the river(Hebrew, Ahar after, nahar river) is at present the end of the 
long River Eridaniis In Ptolemy's time the river ended with Theta Endam 

The Arabs used the Greek names (slightly modified) of three constellations A1 Thaur, Taurus, 
A1 Kentaurus, the Centaur, A1 Ketus or Kaitos, the Whale Thus Zeta Ceti is Balen Kaitos, the 
whale's belly (Hebrew, Beten) It is curious that there is no generally accepted proper name for Alpha 
Centauri, our near stellar neighbour Ulug Beg called it A1 Rijl al Kentaurus, the Centaur's foot, 
this name would be liable to confusion with Rigel in Orion The old Sumerian name Lugal, “ King," 
might be revived Dr Innes suggested the name Proxima, but he has since transfeiied this name to 
a faint star, m the same region of the sky, that is nearer to us than the bright star {see page 466) 

I recommend those readers who wish to pursue further the very interesting study of star names to 
consult Star nanu^s and their meanings," by R H Allen Some leaders may be disposed to think 
that this chaptei deals more with men's fancies about the heavens than with the heavens themselves 
This is true in a measure nevertheless, 

I think that the early progress of 
astronomical knowledge is worthy ol 
the minutest study on the part of all 
devotees of the science Contempt for 
these pioneers is quite a misplaced 
sentiment The great advance that has 
been made m modern times was rendered 
possible by the patient labours of our 
predecessors The numerous problems 
that the heavens piescnt cannot all be 
solved simultaneously Each fact that 
is wrested from nature bungs new 
problems m its tram, but gives us 
increased power to deal with them 
Three examples may be given of the in¬ 
debtedness of the new Astionomy to 
the old (1) Kepler m deducing his 
laws of planetary motion required 
accurate values of the periods of 
revolution, those were available, thanks 
to the work of observers centuries 
earlier (2) Our knowledge of the 
acceleration of the Moon’s motion is 
derived from, eclipses recorded in Assyria, 

Greece, etc, two or three thousand 
years ago (3) The possibility ol 
tracing back the history of Halley's Comet for over two thousand years is due almost entirely to the 
careful star-watches of the Chinese it involved a study of their constellation figures, and indeed of 
the whole of their system of recording astronomical phenomena 

Far from despising the pioneers, we should respect them, the foundation is the most important 
part of an edifice, and the foundation stone of the lofty structure ol astronomical science was well and 
truly laid in the distant past 



TIIIC ANClim' CONSTI':nT,ATION>S vSOUTIi OF XlIF U^CI^IPTIC 
Tlu picliuc shows the moic oi less cusuhu in the old constdlntioiib, 
<ilso the ptith of tin south pule due to pic cession About 2700 b c the 
pole wns ccntial m the gap Fiom the si/c of the gap we infci that the 
coiistcllation-elcbigneis lived about latitude 37 ' noitli 
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CHAPTER XVIII 

RELATIVITY AND GRAVITATION 

By Herbert Dingle, B Sc , F R A S 

A new idea in Science cannot long remain by itself It is like a handful of seeds blown abroad 
into alien fields of philosophy, ethics, theology, and practical affairs, and taking root there, 
slowly or quickly according to the nature of the idea and of the soil To the man of science 
it still remains a scientific idea he is less concerned with the offshoots than with the parent seed 

____But to the great 

majority of 
people, who have 
had no specialised 
training in 
science and 
whose outlook IS, 
as a rule, less 
scientific than 
personal or artis¬ 
tic,the offshoots 
are all that 
matters the 
science at the 
root IS a hidden 
thing, and it is 
only by its fruits 
that it is known 
Of all the great 
departments of 
human thought, 
science is per¬ 
haps the most 
specialised, the 
most given over 
to its regular 
workers, and it 
IS a natural con¬ 
sequence that 
until the pro¬ 
gress of science 
makes itself felt 
in other activi¬ 
ties of the mind, 
it remains for 
the most part 

unknown or is not understood The principle of relativity is slow to take root in the more populous 
fields it IS for that reason, more than for its inherent difficulty as a scientific conception, that it 
has acquired its widespread reputation for unmtelligibility 

It was quite otherwise with the idea of evolution, for example In itself essentially and entirely 
a scientific theory, the idea of evolution had an obvious and immediate bearing on theology, and for 



Photo by W Bemngton] [From The Sphere'* by kind permission of the Editor 

PROFESSOR ALBERT EINSTEIN AND LORD HAI^DANB 
Professor Emstein, the famous author of the prinaple of relativity, visited England in June, 1921, 
when he was the guest of lyord Haldane He has made important contributions to other branches 
of physics, notably the theory of photo electricity lyord Haldane, who has himself written on the 
philosophy of relativity, is keenly interested in Science, and was the first President of the British 

Science Guild 
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one person who found it difficult to understand there were a 
thousand who found it impossible to accept This was not 
due to its simplicity indeed, it is very questionable how many 
of the thousand understood the conception which they resisted 
The familiar tag, “ men came from monkeys,” was a sufficient 
explanation for the majority, who seemed to think they had 
secured a complete grasp of the whole of Darwinism in that 
preposterous phrase An example of another kind is to be 
found in Clerk-Maxwell's equations of the electro-magnetic 
field It was not so very long before Hertz found the waves 
which Maxwell predicted, and Lodge, Marconi and others gave 
us wireless telegraphy To-day, millions are familiar with the 
magic words ” Hullo, everybody, London calling”, 
thousands make receiving sets, erect aerials, and enjoy the 
fruits of scientific research, but how many understand the 
underlying idea, which was at first a speculative hypothesis 
and IS now essentially an abstract physical theory ^ We do not hear Clerk-MaxweU's theoiy, or 
the intrinsically still less intelligible notions of Faraday, which preceded it, characterised as difficult 
or mysterious—not because they arc not so, but because they have blossomed into practical use, 
and the blossom is visible to all It is probably safe to say that if the principle of relativity had 
shown itself at once to have an application in the more popular regions of thought or action, it would 
never have been branded with the stigma from which it now suffers ^ 

If, therefore, we are to give an exposition of rcdativity that will enlighten and not mystify the 
general readei, we must attempt, however imperfectly, to show how some old and more or less familiai 
problem takes on a new aspect in the light of this great scientific generalisation It is not to be 

expected that our presentation will more than 
adumbrate the ultimate view of the problem—the 
light IS yet too dazzling to permit of clear, steady 
vision but, such as it is, wc may claim foi it that 
it IS true, and we may tiusl also tliat it will be not 
more difhcult to compiehend than many other idcns 
which the human mmd has in the past accepted 
and made part of its conception of Natiiie We 
will try in this chapter to show how the principle 
of iclativity affects our most general view of tlu‘ 
world, and gives to philosophy- -the ordinary 
philosophy of the ordinal y man an outlook con¬ 
sistent with that which science must in the future 
adopt 

One of the best-known and most-discussed 
pioblems of philosophy is this Has the external 
world, which wc appreht'nd by means of our five 
senses, an independent existence, oi is it fashioned 
out of the substance of our own minds ^ Is it an 
objective reality, or a subjective illusion called into 
existence by our tendency to assign a cause to the 
sensations which wc experience and which, strictly 
speaking, are all that we have direct knowledge 
of ^ In brief, is there an external world, or is there 
not ^ By external world we mean primarily matter 
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PROFESSOn A S EDDINGTON, FRS 
Professor Eddington, Plumiaii Professor of Astronomy in 
the University of Cambridge, is not only the leading 
English exponent of Einstein’s Theory of Relativity, but 
has also contributed considerably to the development of 
the subject 



PENNY 
EDGEWISE 

A PENNY PROM DIFFERENT POINTS 
OF VIEW 

The appealanec of a penny depends on the 
point of view of the observer, yet the 
eoneei)tioii of a penny as a three dimen¬ 
sional object leeoneiles observations fiom 
all iioints of view 
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The familiar objects of our daily life—trees, houses, mountams, stars—these are the external world, 
distributed in a boundless space and remaining unchanged in quantity as the passage of the years 
brings us mto being and takes us on through old age to death and beyond Does this so solid seeming 
world exist in itself, or does it not ^ 

Science has never faced this question, which it has regarded as lying outside its scope It has 
studied the external world ]ust as if it were a reality, without concerning itself with the metaphysical 
challenge thrown out to it It has assumed the existence of matenal bodies, and studied their 
properties in time and space And it has been justified in so doing, because the external world, real 
or supposititious, has always seemed to be the same to everybody What one person calls an apple, 
another calls an apple, if one sees the apple fall, another, if he is looking, also sees it fall These 

things being so, it matters not 

■ at all, so far as the properties 

and distribution of apples are 
concerned, whether their exist¬ 
ence IS real or imaginary they 
are the same to everybody, 
and that has been a complete 
justification for Science 

There have always, of 
course, been a few exceptions 
to the rule * Occasionally one 
arises to whom things are 
different from what they are 
to the majority Thus, Lear 
saw his daughter, Goneril, 
where others saw a joint-stool 
Cases of this kind, however, 
have given very little difiiculty 
to Science the exceptional 
people have been called' ‘ mad'' 
and shut up in an asylum In 
their existence there has been 
seen no denial of the consist¬ 
ency of postulating an external 
world on the contrary, they 
are said to have “ lost their 
senses,” to have no power of 
apprehending the things that 
exist outside them The same 
anomaly, and the same explan¬ 
ation, occur in the delirium of 
a few and the dreams of all, 
but here the challenge to 
Science is still less potent, for 
these things are temporary, 
and the sufferers themselves. 


[By Theo Carreras 

A MIRAGE) 

Objects are sometimes seen in the sky by certam persons, and not by others having 
different points of view The appearance is explamed by assuming an abnormal 
distribution of density at a certam level in the air, which gives rise to a refracted 
image of objects existing dsewhere on the Earth’s surface 


on recovery, are willing to 
acknowledge that they have 
been deluded Again, there 
are some people to whom, for 
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example, two 
objects, ordinarily 
called'' red '' and 
" green,'’ respec¬ 
tively, appear to 
have exactly the 
same colour 
These people also 
are assumed to be 
deficient in cer¬ 
tain organs of 
sense they ai e 
termed " colour¬ 
blind,” and their 
peculiaiities are 
disregai ded m the 
scientific formu¬ 
lation of the pio- 
perties of things 
Vnd there are the 
experK'iices of the 
saint and the 
ascetic, the ap 
prehension by <l 
few of material 
things unperceivc'd 
by the majority 
Experienc es of 
this kind likewise 
are attributed to 



TIIU) PRlNLlPIylC OP Tlir: MICIllvIySOX lMORlyI')Y rXlUvRIMI'iNT 
\ tiavclki in ti tuuu unil<l mctisiuo lus uilc. ot movciiunit by liiinjj; stain>ii»n v K^nis at plates Iival to tliL 
tiaiii in the nniimei aiown m the •iiul noting tht inUiv.il Ik tween the letuin of the shots 

Ihe piaetieal cUirieulties ol the cspeiimenl <iie, of eouihe, insupei.ible, Imt thei pimeiplc is sound 


the abnormal state' of the' jieicipienl, and not to vagaiies in inanimate objt'ets It has alw<iys been 
possible', on moie' oi less jilausible g'rounds, to assign departuies from the oulinaiy view of things to 
the extraordinaiy stale of the obseiver, and it has therefoit' been possible foi Science to maintain 


her supposition that the're is an c'xle'inal woild 

It must be undeistood that this iinivtTsal agieeinent e)f nonn(d people with regaid to the objects 
of perception is absolutely vital to Science Unless it exists, in eveuy detail, without the slightest 
exception, there is an end of vScience as a form of Truth She may still, of couise, continuix and 
indeed be indispensable to civilisation, no undermining of the plulosoiihical jusiihcation of Science 
can alter the fact that she has given us aeroplani's <Lnd wireless telegraphy and surgeiy, and whalc'ver 
her status may be, she will doubtless go on changing the direction of our moital activities But if, 
even m the veriest tnfie, one poison were to perceive an object diHeiently from other people, in such 
a manner that the ditference could not possibly be ascribed to a mental oi jihysical peculiarity of that 
person. Science would no longc'^r be a goddess to be worshippc'd, she would become a handmaiden 
to be trained and used It is the identity of our conceptions of the woild that is the leal law and 
Older which we often hear it said that Science has demonstrated Law and order are not revealed 


by the derivation of a mathematical formula ex]>ressing the coinse of evc'iils, and they are not 
verified by the successful prediction of a future event, such as a solai eclipse iny conceivable 
succession of measurable events, whether it actually occurs oi not, can he represented by a foimula 
—by an infinite numbei of foimuLe The success of our predictions merely shows that a suliiciently 
exact formula is so simple that we have been able to select it out of the infimte number Law and 
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order, the intelligibility of the Universe, the 
regularity of Nature, ultimately he in the fact that 
the world presents itself in the same way to every 
normal person If that were not so, then not only 
would there be no law and order in the Universe, 
but we should not be justified in speaking of the 
Universe at all, to be in touch with reality we 
should have to concentrate our attention on our 
own minds, and abandon the concept of Nature 
as a complete fiction 

This does not mean, of course, that the world 
IS to be thought of evactly as it appears On the 
contrary, the whole progress of Science is a 
perpetual discovery that things are not what they 
seem The stars appear as mere points of light, 
but we believe them to be globes many millions of 
times larger than the Earth A piece of iron 
appears as a perfectly continuous substance, filling 
the whole of the space within its boundaries, but 
we believe it to be an aggregation of millions of 
molecules, none of which is in actual contact with 
the others What we mean by the identity of our 
individual views of Nature is that everyone's 
perceptions, when brought into relation with one 
another, are consistent with a unique conception 
of Nature It may be necessary, in order to 
preserve this consistency, to take into account the 
point of view of the observer Thus, a penny to 
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The ecliptic 


PAKAI^nACTlC MOTIONS OF STARS 
A number of stars appear to describe small eUipses m the sky, 
once a year The thickness of the ellipse depends on the 
angular distance of the star from the ediptic It is greatest 
at the poles of the ecliptic, and becomes nothing at the ediptic 
itself This IS taken as evidence that the Karth travels round 
the Sun (see page 466) 
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SIR OlylVnR lyODGE, FRS 
Sir Oliver lyOdge has devoted many years to the study of the 
absolute motion of the Earth through space The failuic of 
his experiments, as of all others, to demonstrate such a 

motion is a part of the basis of Einstein’s theory 

one observer is a circular disc, to another, who 
looks at the edge of the penny, it is a very narrow 
rectangle Both views are consistent with the 
conception of a penny as a three-dimensional 
object—a very short cylinder The penny is not 
precisely what it appears to either observer, but 
there is a definition of a penny to which both 
can agree That is really what is meant by the 
statement that the external world is the same 
for everybody 

We may look upon the aim of Science as the 
formulation of a conception of the external 
world which shall reconcile the observations of 
every normal person Hitherto it has always 
been possible to formulate such a conception— 
hence, as we have seen, fheratsond’etre of Science 
as a fundamental reality The achievement has 
not always been easy, it has meant, time after 
time, the abandonment of some of our fondest 
persuasions A mirage, so far as the senses of 
the observers are concerned, appears perfectly 
real, but we must deny its reality in order to 





splendour of the Heavens 


675 


reconcile the observations with those of others having difterent points of view Science has found a 
reconciliation in terms of reflection and refraction of light arising from, certain assigned conditions, and 
the external world is thus made identical for everybody A passenger enters a train at Victoria and 
alights some time later at Croydon If the train, except at starting and stopping, has moved with 
perfect smoothness and uniformity, and the passenger has been travelling in complete darkness, he has 
been unconscious of movement He can say, as justifiably as did the philosophers of the Middle Ages 
with regard to the Earth, that, except for the initial and final jerking, he has not moved at all So 
far as his own immediate experiences aie concerned, that is perfectly true But the geographei comes 
along and points out that Croydon is ten miles from Victoria, and that, unless the Earth's surface has 
changed suddenly so that the two places have come together, the traveller must have moved from 
one to the other And then the signalman at Streatham Common, who has been on duty throughout 
the interval, declares that there has been no 
perceptible Earth-movement and, further, that he 
has noticed the train travelling along the line 
towards Croydon All these obsci vat ions can be 
reconciled only by an admission on the pari of 
the travellei that he has been moving without 
being conscious of movement He makes the 
admission, and again the external world is iden¬ 
tical for everyone Science^ is a continual saving 
of the world for humanity It progresses when 
the world, by modification of our ideas, is saved 
from the assault of new observations , it stagnates 
when the world needs no modihcation to save it, 
it falls when no conceivable modification can 
reconcile the world to the obseivations of all 
Of the various ways in which we adjust our 
concept of the world to reconcile obseivations 
made from diJtferent points of view, the most 
interesting are those concerned with motion We 
have just cited one example of this kind of 
adjustment, let us extend it a little Suppose 
that the traveller still has doubts about the lealily 
of his movement, and decides to icpeat his 
experience, in order that he may apply a test which 
he has devised In the ciicumstances a satisfac¬ 
tory test is not obvious, but he is an ingenious 
man, and he sets to work in the following way 
Fust of all, he projects a short, stiaight rod from 
the window of his carriage, and a flat sheet of stout 
metal from the back of the ti am so that its plane is peipendicular to the length of the ti am He measures 
caiefully the distance from tlie rod to the metal plate, and projects a second metal j)late, at exactly 
the same distance from the end of the rod as the first but m a direction perpendicular to the length of 
the tram The second plate lies opposite his carriage, <ind faces him as he looks out Then, somewheie 
along the line he erects two spimg guns, each loaded with an elastic ball and adjusted so that as the 
train, if it moves, passes them, the lod will just rcknse the springs, thereby ejecting the two balls 
at the same instant and at exactly the same speed The guns are fixed so that the first will point, at 
that instant, towards the plate at the rear of the tram, and the second in such a direction that its ball, 
after it has been ejected, will hit the other plate Now, supposing that both plates arc unyielding and 
that the balls are perfectly elastic, each ball will be reflected back to the rod But, if the tram is moving, 



Photo [RusslU, 1 ondoii 


PROinCSvSOR A N WHITI^IIUAD, PRvS 
A N Whitdit i(l,lPi(>i(.ssc)i of Miithcnialics at the Impellal 
College of Seiciiet tiiul Tcehnology, lias shown ilnil hhiistem’s 
loiiiuilalioti of the pime jlo oi iclalivity is only one o£ a 
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they will not return at the same instant The 
ball which has travelled parallel to the tram 
will return first, and the time-interval between 
the return of the two balls will depend on the 
speed of the train The traveller can observe, 
by the impacts on the lod, when the two balls 
return, and so find how quickly he is moving” 
If the balls leturn at the same moment, then 
he can conclude that he was not moving at all 
at the instant when the guns were fired, and 
then he will have to devise some other explana¬ 
tion of his translation to the position of the 
guns, 01 , if that is not possible, he will have to 
conclude that his own experiences and those 
of the geographer and the signalman are 
irreconcilable, and that there is no ]uslihcation 
for assuming that the external world, as we 
have imagined it, exists 

That this IS a real test of movement is 
shown by a veiy simple calculation The 
traveller, accoiding to the universally accepted 
principles of mathematics, is peifectly con cot 
in his arguments, and, allowing for unavoidable 
impelfections in imitating the conditions as 
they have been described, experiments made 
along these lines come out exactly according to expectations If the traveller could apply his 
test exactly as he designed it, he would undoubtedly find that the balls would not anive back 
at the same time, and he would find that he was moving at a speed identical with that detci mined 
independently by the signalman The exteinal world, therefore, has stood the test The 
traveller must agree that he has been moving He must recognise that motion does not nccessaiily 
make itself known immediately to the one who is moving, and that his failure to experience the 
sensations which usually accompany movement is no denial of movement itself A test applied 
directly to the external world, and not to his own subjective sensations, shows an external world 
identical with that conceived by others 

We hinted ]ust now at the likeness between the attitude of the traveller before he applied his 
test and that of the philosophers of the Middle Ages who denied that the Earth was moving because 
they could feel no movement The parallel is exact Instead of the geographer and the signalman 
we have the astronomer, who says that his observations of the stars and the planets compel him to 
suppose that the Earth r moving round the Sun once a year, instead of the traveller we have the 
ordinary Earth-dweller, who cares nothing about the stars and planets but who finds it impossible 
to believe that he is moving through space at the rate of eighteen and a half miles a second We 
have learnt by now to trust the astronomei We have had so much experience of the deceptive 
character of our sensations that most of us are willing to assume that if we were to apply a test 
similar to that devised by our traveller, we should find, just as he did, that we were moving in precisely 
the way described to us by the astronomer But the man of Science is ever restive He cannot let 
we alone, and no sooner had he conceived a method of applying such a test than he began to put 
It into operation Of course he did not question what the result would be, but he wished, as always, 
to make assurance double sure The details of the experiment were these The Earth, of course, 
represented the tram, and its inhabitants the traveller Instead of the guns shooting elastic balls, 
t ere was a lamp shooting beams of light m all directions Instead of the metal plates there were 



THE MICHEESON-MOREEY EXPERIMENl' 

In the Michelson-Morley e^peiimeiil, two beams of light wcic 
sent out bmiultaneously in peipencliculai diicctions and icllectcd 
back by minors ii\ed to the Eaith at equal distances horn the 
source of light The beams icturned together,^ indicating— 
contrary to e\pectation—that the Eaith was not moving 
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two mirrors, winch could reflect the light just as the plates were assumed to be able to reflect the balls 
The mirrors were fi\cd to the Earth, just as the plates were fixed to the tram, and m every essential 
point the two experiments were identical A word should be said about the choice of light as the 
moving body Of couise it is impossible to fix material guns and balls at some point along the Earth's 
orbit Ah the material bodies over which we have control belong to the Earth and shaie in its move¬ 
ment \V^hat we want is something which moves with a definite and constant velocity, and which 
does not partake of the movement of the Earth Light, as we have every reason to believe, possesses 
both these properties It has a definite velocity—about 186,000 miles a second—and theie are very 
strong grounds for believing that its movement, even when it is propagated from a point on the 
Earth, is independent of any movement which the Earth might have By virtue of these properties, 
light is a legitimate substitute for the clastic balls of the traveller No particular theoiy of light 
IS necessary to justify the substitution So long as light has a finite and constant velocity—which 
has been proved—and moves through space at a speed independent of the speed of the material 
body from which it is emitted—which no one, in the face of known facts, seems able to doubt—light 
may consist of corpuscles oi etherial waves or anything else , it is, in any event, a peifectly fair thing 
to use in the experiment we are proposing 

No one, we say, had any serious doubts, when Michclson and Moiley peiformcd this experiment 
111 1887, that the two beams would complete their respective journeys in different times, and so 
demonstrate once more the movement of the Earth To place the result beyond all possibility of 
doubt, Michclson and Moiley decided to perform the expeiimcnt twice, at tinus sepaiated by a six 
months' interval According to the astronomer, the Itarth in this interval would have reversed the 


direction of its motion, and whatever its velocities 
might come out to be m the individual experi¬ 
ments, they should difier by 2 x 181=* 37 miles 
a second the change undeigone by the velocity 
of the Eaith m the six months' interval Judge, 
then, of the consternation which was aioused m 
the mind of everyone concerned when the two 
beams, m each experiment, arrived back at 
precisely the same time ' The experiment was 
repeated, but, no matter when it was jierformcd, 
the result was always the same This meant, ol 
couise, that by a universally accepted tost the 
Earth was shown not to be moving But, by 
equally powerful aiguments, the astionomei 
maintained that it was moving Ihe jiassengei 
had demonstrated that hi‘ was at lest, the 
geographer and signalman had demonstrated that 
he was moving I he world, which was the woild 
of all of us, had lost itwS unity it was one thing 
to the astronomer and another thing to Messrs 
Michelson and Motley Th(^ foundations of 
Science received the greatest shock that they had 
ever experienced, and the whole edifice of 
physical conceptions seemed about to fall 

What was to be done about it ^ It was 
impossible to suppose that Messrs Michelson and 
Morley were mad, and consequently to ignore 
their observations Neither could such a supposi¬ 
tion be entertained with regard to the astronomers 
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IXFNRI Bn:RGSON 

M Bergson has consKleiedThe relalions Ijctwccn imie and 
[space from the philosophical stanclponit lie has emphasised 
the distinction between space and time winch, horn the 
liuicly scicntilic standpoint, tends to be oblitciatecl No 
necessary antagonism, howcvei, is involved 
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■who declared that the Earth moved Here “were two sets of unquestionable obser'V^t it 
of the same Earth, that were directly at variance “with one another We have seen tlu" 

method adopted by Science in such cases is the adjustment of its ideas of the external 
in such a way as to harmonise the opposing views But this course is legitimate only 
such an adjustment can be made In the example of the mirage which we have used previoai'^^V* 
the observations of those who saw and of those who did not see the mirage were harmonised 
attributing the phenomenon to a departure of light from its customary rectilinear path Fox' 
explanation to be justified, it had to be shown that light could so behave m certain circumst^xuc'<‘S. 
and also that those circumstances were present when the mirage was seen It so happened tha-t 
things could he shown, and consequently the external world was preserved But in the new * 

what satisfactory adjustment of our ideas is possible^ A body is moving and it is not in.o'vii^S * 
the same body is one thing to one observer and another thing to another observer How oaxx t 
conception of an external material world be maintained in the face of these facts ^ 

After many years of reflection on the problem, the majority of scientists have come to the corxclri^i« 
that it cannot be maintained , the world of matter, which Science has always thought so safe ^ 
for investigation, is found to be a chimera There seems to be no satisfactory escape from tins 
conclusion Our immemorial assumptions must go The solid objects which have always appoexir'i'il 
to he independent of us who perceive them can no longer be regarded as independent , tiieiy 
subjective, taking a form and content determined by their relation to the observer This is t \u* 
principle of relativity The external world of matter situated m space and time is not a unique t: In i i . 

it is all things to all men What was thought to be absolute is relative, and there is nothing eiil 
large or small, quick or slow, heavy or light, but thinking makes it so 

This is all very well, but what becomes of Science now ^ We have seen that if the external -world 
IS not absolute, Science is at once dethroned and Metaphysics becomes the only possible ine<Tiiiin» 

in the purely intellectual sphere, for* the* 
approach to ultimate truth. Havo 
then, reached this melancholy stat e, lul 
have the devotions and martyrcioi'ii'-* oi 
centuries been paid to a false godcli'j^s ^ 
It would seem so, but there is jiusl < >iiv 
avenue which may, if we are bold eiaoi li 
to take It, lead us out of this d.'u.n^iHjn 
of despair We have been foxoecl to 
acknowledge that the world of rxiiit ttu 
and of motion is not absolute, but xiui^hi 
it not be that there is an external wen"Id, 
not consisting of matter and motioix “lull 
lepresented in some way by them, 11 uit 
u absolute ^ It is not easily concei-v^tl 
because we have become so accu.s-tc>it 
to looking upon the world as a collec':! ion 
of material things moving in spa-oe 
time that we have almost lost the pc )%vt i 
to imagine any alternative But; *wc^ 
in a desperate plight The vvoxlcl 
matter, space and time must be aclc-xuc n\ - 
ledged to be lelative, whether we it 

or not, and we must either give lup the 
notion of an external world art cl tin* 

sovereignty of Science, or else tixicl an 



A JOURXnV m FOUR DnVDeNSlON-S 
Just as the appeaiance of a penny vanes with the point of view, so thie 
length and time of a journey vary according as they are measured by 
the traveller or a stationary observei And just as a three-dimensional 
definition of a penny leconciles the various observations, so does a 
four-dimensional definition of the journey 
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evlenicil world tliat is dittcrent from that which we have 
always heluved in We may not, of course, be able to find 
sue h a world that remains to be seen—but we can try, and 
if we siiccet'd we must be picpared cither to accept it, and 
abandon our old idea of a material universe, or else cling 
to our old idea and admit that Science is subject to the 
Viiganes of our own minds and bodies 

1 h(‘ w<iy m which we must set to work is this We have 
found that to one observer the Earth is moving, while to 
anolhei it is not What do we mean by motion ^ We mean 
simply a c onlmuous change of position in space as time goes 
on, and we measure the late of motion by the distance 
covered in a stated time But now wc are forced to admit 
that the mcvisure obtained by one observer may diffci from 
that obtained by another, and the only way in which we 
(Mil explain this is hy supposing that different observers 
iiKMsure spiice and lime chllerently or, m other words, since 
our woilcl of matter iind motion is crumbling away, that 
tlu‘y have ditlcTont sjiaces and different tunes But in 
what w<iy do their s]i<icis and times differ ^ Evidently in 
such a way as to give the differences that we find in their 
me<isurt‘m(mts of the motion of bodies , wc must find out, 
foi example, why Michelson and Moiley always found the 
Earth to b(‘ at rest, at whatever time of the year they made 
their experiment, <ind deduce from that remaikable observation how their measures of time and 
sjiace may be assiinuxl to have vaiicd In this way wc may be able to find some relation between 
the spaces <ind tinns of different observers—a relation winch will depend on some peculiaiity of their 
physical condition- which will enable us to deteiminc the spaces and times of all when those of one 
aie known The possibility of le-establishing the independence of the external world will then 
dt^pend on whether or not we can find some combination of the space and time measurements that 
will be the same for eveiybody If so, then that combination must be the mathematical 
indication of the existence of something external that is the same for eveiybody, and we shall have 
re-cstabhshed the sovereignty of Science If not, then Science is lost, and theie is no external world 
Th(^ mvestigiilion is obviously a mathematical one, and it tuins out that the variations of time 
and space aie' associated, in a most remaikable way, with the velocity of light If Michelson and 
llorky had berm able to use guns and elastic balls, fixed on the Earth’s orbit, instead of beams of light, 
they would have found a movement of the Earth identical with that predicted by the astronomer— 
<it least, so they would have thought But actually it appears that the result would have depended 
on the speed with which the balls were discharged the greater the speed of the balls the slower 
would have been the movement indicated for the Itaith For all oidmary speeds, and even for 
speeds very much gieatem than those which we can produce m modern projectiles, the variation 
would have been so small that Michelson and Morley would not have detected its existence, but 
at speeds approaching that of light it would have become obvious, and if the balls could have been 
projeetc’d actually with the speed of light, then no niattei how quickly the Earth might have been 
moving, the experiment would always have shown that it was not moving at all These phenomena 
are^ all embodied in the statement that if two obseiveis are moving uniformly with respect to one 
another, iheir measures of lengths and time intervals (in other words, the spaces and times which 
they use) will differ in a manner depending on the ratio of their relative velocity to the velocity of 
light This is a perfectly general principle of which the Michelson-Morley experiment affoids only 
one particular example The reason why it has only just come to light is that the ratio between 



PROFESSOR H A EORENTZ 
Piofcssor Eotenlz is one of the gicatest of 
mathematical physicists His researches in 
clcctiomagnetism and the theory of optics 
made it possible foi Emstem to piopound his 
Jiibt stcituncnt of the piinciple of lelativity in 
1005 
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any velocity to which we are accustomed—even the velocities of the 
planets and the stars—and the velocity of light is so very small as to 
make no perceptible difference between our spaces and our times We 
thought we were living in the same world of matter, space and time 
because the differences between our worlds were too small for us to 
detect 

Can we, now, find a combination of our measurements of space and 
time that will be the same for everybody ^ That is the crucial question 
for Science It so happens that we can Suppose a man travels with 
uniform speed in an aeroplane from London to Pans, and, while 
travelling, measures the distance between the two places and times the 
]oumey by his watch Suppose also that an observer, situated in a 
very high tower from which he can see both London and Pans, also 
measures the distance between the two places and the time occupied ORBIT OF MERCURY 
bv the loumey Their measures, both of time and of space, will differ orbit of iMeicury louiui the 

—imperceptibly it is true, but we will suppose that their instruments which slowly lotatcs m its own 
are so exceedingly delicate that they can observe the differences They theory of relativity 

will find that, if each of them subtracts the square of his time tion of the rate of the lotatum 
measurement from the square of his space measurement (both expressed 

in certain defined units), he will obtain a result identical with that of the other The individual 
measurements of space and time are at variance, but this simple combmation of them is the same for 
all observers, no matter how they are moving, so long as their relative velocity remains constant 

Here, then, is the clue to the external world it must be something whose properties are measured 
by a combination of space and time measurements, and not by space measurements and time 
measurements independently Matter has failed us because it is characterised by independent 

measurements in space and time If a piece of wood is 
three feet long to-day it may or may not be three feet 




Riemaun, in a famous paper entitled “ On the 
hypotheses which he at the basis of geometry ” 
(1864), showed the character of the relation 
between geometrical systems and physical esperi 
ence Einstein adopted Riemann’s form of reason 
mg in presenting his theory of relativity 


long to-morrow, there is no necessary association 
between its size and the date But in order to describe 
the external world in a manner acceptable to all, we 
must describe it in terms of something which necessarily 
involves both time and space, so that we cannot 
measure it without making measurements of both time 
and space All our measurements will then be capable 
of expression in the form (space measurement)*^ minus 
(time measurement)and the world measured in this 
way will be a world common to all Such a world is the 
world of events An event—something which happens— 
has both a place and a time, and is not completely 
specified unless both its place and its time are stated 
When the schoolboy says, “ Battle of Hastings, 1066,'' 
he specifies an event completely, for he indicates the 
place (Hastings) and the time (1066) Similarly, when 
he says, “ Battle of Waterloo, 1815,” he specifies another 
event completely It is possible to look upon the whole 
of Nature as an aggregation of events Instead of 
speaking of the object of our perceptions as a piece of 
matter—a block of wood, for example—we can speak 
of it as an event—the existence of the block of wood 
at a certain place during the time it takes us to perceive 
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it If wc perceive it again five minutes later, we may be perceiving the same piece of mailer, but our 
new perception of it is another event because it is characterised by a ditterent measiucment, in time 
at least, from the fins! Nature, according to this view, is the sum-total of events, and the only 
me<isurements we can make that will be corroborated by others moving with respect to us aic 
measurem^aits of the interval between events Ihc interval between two events is defined as (space 
interval)- minus (time inteival)*^ Thus, to find the interval 
between the Battle of Hastings and the Battle of Waterloo, we 
must square the distance from Hastings to Waterloo and subtract 
from the result the square of the time interval between the years 
lObG and 1815 An observer on a possible planet of Arcturiis, if 
he peiceived the two events, might measure the space interval 
and the time interval dihereiitly, but he would hnd the same 
dilicrence between their squares If we are to vindicate the 
godhead of Science we must leain to look on Nature, not as a 
collection of inert objects moving in a stationary space and an 
independent, imifoimly ilowmg stream of tune, but as a self 
consistent, continually leiiewed body of events, heiving 
neither beginning noi end m space' or time, but ielated to 
out' anotliei by then situation m a fout-dimensional continuum 
foimod of both space' and tune All om measuiements must 
be measuiements of inteivals in this continuum, and Science' 
must evpiess its laws m tenns eh these measuiements or 
not at <ill 

Such a view nuiy se(‘m ve^iy <utifKial, but we eannot avoid it 
without losing the external world altogetluT It is not a case' 
e)f choosing between it and our familiar world of mattei , it is a 
ease of acceqiting it or denying the foundations of Science The 
Michelson-Morley expe'iiment makes it for eve'r impossible to 
establish Science on foundation eif matlei If matte'i is a 
fundamental unit, space and lime au' fimclamental and mdepe'ii- 
dent entities, and then it inevitably follows that there are as 
many actual exteinal worlds as there' *ire iieople m lelative 
motion, and an inlimte number of possible one's which is as good 
as saying that there is no external wot Id at all And, if wc' 
consider the' que'stioii carefully, we' shall hnd that the view of 
Nature as an aggre'gatc' of events is not so artihcial ailt'i all We' 
must allow tor the accumulated pie'juehce's of untold generations 
which have been able to think e)f the woilcl as mate'iial because' 
they have never had pr<ictical expene'nce' of velocities appioachmg 
the velocity of light vSo far as our ordinal y e've'ryday expene'nce 
goes, we can, with epnte' sullicienl accuiacy, think of an external 
material woild, and we must not allow this fact this privilege, 
shall we say ^—to inlluence us m our search for ultimate truth 
Despite the apparent impossibility of denying the objectivity of 
matter, philosophc'rs have done so on quite other grounds than 
those of physical experiments, and we may wcdl believe that, if we had been living in a woild where' 
velocities of the order of the velocity of light were common, we should never- have been subject to the 
illusion that has beset us until now 

Perhaps in this new view of Nature we may catch a glimpse of the possible influence of relativity 
m the field of ethics We have thought of ourselves as existing in a world of matter ready-made. 
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which we have a limited power of arranging in time and space But if the world consists of events, 
and not matter, then, so far as we can control events, we are the creators of the world we do not 
find it ready-made—^we help to make it We cannot here follow up the implications of this idea , 
we are concerned with astronomy, and the events of astronomy are quite beyond our control But 
we may regard it as a sign that relativity is not altogether the abstract, detached conception that 
it is often assumed to be 

When we come to apply relativity to the phenomena of astronomy, we meet at once with a 
serious difficulty So far, we have only faced the problem of discovering an external world that is 
the same for all who are moving with respect to one another with uniform velocity We have found 
that, for all such people, there is a common external world of events separated by intervals measured 
by expressions of the form (space interval)^ minus (time interval)^ But in astronomy, one of the 
outstanding facts is that bodies never move with uniform velocity their velocities are always 
changing—in magnitude, or in direction, or in both The planets travel round the Sun in ellipses, 
and their speeds vary somewhat during the ]ourneys The components of double stars are continually 
changing the directions of their movements The single stars appear to move uniformly, but it is 
believed that that is only because their changes of speed and direction of movement are so slow that 
we have not yet observed them Wherever we look there is change of direction or speed of movement, 
and we have not shown that, when this occurs, it is possible to postulate a common external world for 
all the parties concerned It follows, then, that we have our work to do all over again Of course, 
if we had been thorough-going in our calculations and absolutely accurate in our measurements, 
we should have taken account of variable motion in the mathematical consideration of the Michelson- 
Morley experiment The Earth is moving non-umformly, and it was the movement of the Earth 
with which we were then dealing But during the time occupied by the Michelson-Morley experiment, 
the change of motion of the Earth, both m speed and direction, was so small that it had to be ignored 
in view of the unavoidable errors inherent in our observations It was far too small to serve as a basis 
for generalising with regard to variable motion There was no alternative but to deduce from it the 
effect of uniform motion on our space and time measurements, and leave the larger problem to be 
dealt with in some other way 

It might seem that our discussion of the Michelson-Morley experiment was therefore a waste 
of time We have established an external world for people in uniform relative motion, and people— 
or, at least, bodies on which there might be people—are not in uniform relative motion We have 
apparently only shown that it would be legitimate to speak of an external world if Nature would 

kindly limit herself in a way which she is 
not prepared to do But, as a matter of 
fact, we have done much more than that 
We have found an alternative to the world 
of matter in space and time, namely, the 
world of events Although the particular 
unit of measurement—the quantity (space 
interval)^ minus (time interval)^—might 
no longer be unique when the relative 
velocities of observers vary, there may 
still be some other unit of measurement, 
quite consistent with the conception of 
events as the brickwork of Nature, that 
will make the world consistent for all kinds 
of movement If we can find such a unit 
we shall save the external world, so far 
as we can see, completely, if not, then 
the world of events must follow the world 



By permission of] [The A stronomer Royal 

THE SOBRAE ECLIPSE, 1919 

The above photograph of the edipsed Stin was taken at Sobral on 
the 29th May, 1919 The points, indicated by short lines on either 
side, represent stars whose positions on the photograph reveal the 
displacement of their light by the Sun 
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of matter into the limbo of illusions It is not only 
recently that variable motion has given rise to dithcnlties 
in Science, but the picvious chthciilties have been of a 
different character from the piesent one 

Newton proposed to himselt the task of discovering 
why the velocities of bodies varied He believed, of 
course, in an cvleinal world of matter, space and time, 
and he assumed, quite gratuitously, that the natural 
thing for a body to do was to move always with uniform 
velocity Since bodies did not move with uniform 
velocity he invented gravttahon —an agency which 
interfered with the course of Nature in such a way as to 
produce the variations of velocity which he found in the 
Moon and the planets Our point of view now is dittei ent 
We do not believe in an e\tcrnal world of mattei, space 
and time, we do not, in fact, believe in any external 
world—we are trying to find one And we do not assume 
«inytliing at all about the natuial movements of bodies , 
wt‘ take the movements as we find them, and look foi a 
woild that is independent of them Newton assumed 
that he knew what Nature was, and tried to show how 
she executed her movements , we accept the movements 
as ultimate phenomena, and try to find out what Nature 
IS Our attitude is theiefoic ]ust the reverse of Newton’s 
Whereas he arrived at gravitation from his starting-point 
of matter, space and time, we begin with the phenomenon which appeared to necessitate gravitation 
variable motion and try to airive at a woild that can replace the world of matter, space and time 
And if we can do it we shall have no need to letam giavitation as a foice interfering with natural 
tendencies Wc shall havt' our world which is complete in itself, inasmuch as it is the same for 
everybody, no mattcT how he or she is moving Newton’s problem will not exist for us, because there 
will be no inteiference with the new world which wc shall deiive 

We arc seeking, therefore, almost to repeat Newton's work backwaids Almost, but not quite, 
for we must not arrive at liis starting-point—a world of matter, space and time But it is evident 
that, since Ins conce])tion of gravitation explains the movements of bodies with almost complete 
accuracy, the course which wc^ must take must not depart very much from the track which he has 
left We might say of Newton’s work, ]ust as we said of the first discussion of the Michelson-Morley 
experiment, that, though it is not imal, we may profit by the suggestions it offers us in coming to 
a conclusion which shall be final And if we look at it with that object in view, we cannot help noticing 
that the cential point of Newton's conception w<is the importance of mass —the quantity of matter 
in a body The wliole cause of variable motion, according to Newton, lay in the fact that matter 
had mass If the vSun had no mass, the planets would not move in ellipses, and if it had a mass 
different from that which it has, they would not move in the same ellipses as they do The mass of 
matter is m some way associated with the phenomenon of vaiiable motion, and we shall do well to 
see if we can introduce it into om measurements m the world of events in order to secure for that woild 
the complete independence of the state of motion of the percipient at which we are aiming 

Now that wc have arrived at this point, we notice at once that there was a strange omission from 
our previous method of measuring the new world We had absorbed matter, space and time into 
a single world of events, and we were proposing to measure that world by combining space and time 
measurements alone, ignoring completely the amount of matter concerned in the phenomena Apart 
altogether from outside considerations, it is evident that such a proposal could not possibly suffice 



li Jill Fill Staiv of Luihil \ 
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NICHOexS I\ XNOMTCH COBXCHmSKY 
(1793-1850) 

Cobachevsky was one of the ongmatois of “ non 
I'udiclcan geometry,” which rtepends on the 
icalisation that a piopeity of space which Bucad 
legal dec! as axiomatic is not necessarily true of 
the actual space of e\peiience He constructed a 
self consistent system of geometiy diffeient fiom 
Buclid’s 
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to measure a world of events We have no need—as yet, at any rate—to conclude that the world 
of events has failed us, we must learn to measure that world adequately before we can draw any 
conclusion at all on that point And now, to emphasise the truth of this statement, comes the 
example of Newton, who solved a similar problem, regarded from a different point of view, by a 
judicious use of mass, the neglect of which is so conspicuous m our earlier suggestion It is clear 
that the first thing that we must try to do is to find some combination of space, time and mass 
measurements that will be the same for everybody, in any state of motion at all 

At this point, of course, the investigation again becomes mathematical, and its details must be 
passed over The result, however, is that, not only can we find such a combination, but we can find 
several of them, and there may be others that we have not yet thought of The first solution of the 
problem, as everyone knows, came from Einstein, and Whitehead has since shown that there are at 
least three other possible combinations that will reconcile all the observations that have been made 
up to the present There are consequently four possible external worlds of events, and instead of 
having to dethrone Science, as it seemed we might have to do, we are, in the end, left wondering on 
which pedestal to place her We do not believe that the world actually is a manifold the choice 
at our disposal simply means that our present imperfect knowledge is consistent with more than 
one explanation All of the possible ways of combining our measurements have their own implications 
which, though they are identical so far as recorded observations go, differ in details not yet investigated 
The difficulty about the differences is that they are exceedingly small—too small to be detected with 



THE) IRON SPE;CTRUM 

The lUustration shows two photographs of a short length of the iron spectrum, of which the upper is slightly displaced to the 
right (the reel side) of the other The displacement here was produced mechanically, by moving the photographic plate The 
displacement of the solai lines required by the theory of relati\ ity is only about one eighth of that shown here 

our present experimental resources Until our measurements can be extended to much smaller 
quantities than we can deal with now, or, by the passage of time, the quantities to be measured grow 
large enough to come within our means, the decision must remain in abeyance But, whatever it 
may be, the principal object of our discussion has been achieved, and the existence of a world consistent 
with everyone’s perception of it has been established 

Although we cannot yet distinguish between the possible units of measurement m the world of 
events, we can see that they all agree in requiring certain phenomena inconsistent with the old units 
of measurement in the world of matter, space and time, even when the latter world is amplified by 
the introduction of Newton’s conception of gravitational force There are three outstanding 
phenomena of this kind, which must be mentioned First of all, in a world of events the paths of 
the planets must be slightly different from the paths which Newton’s conception presenbes The 
differences are exceedingly small, and for most of the planets are beyond the range of detection , 
but for Mercury, the planet nearest to the Sun, a departure from the Newtonian path is quite observable, 
and has, in fact, been known for a long time, though no satisfactory cause has previously been suggested 
The substitution of a world of events for a world of matter, space and time automatically removes 
one of the great unsolved problems of astronomy The path of Mercury can be regarded as an ellipse 
which rotates slowly in its own plane the problem relates solely to the rate of rotation The orbit 
has revolved too quickly for the old view of Nature , its rate is quite consistent with the new view 
The second of the phenomena is that, in a world of events, the path of a ray of light must depend 
on the masses of the material bodies in the universe It has been known for a long time that matter 
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affects the paths of light-rays (there are the phenomena of reflection, refi action and absorption of 
light, for instance), but only when the light actually encounters the matter, and even then the effect 
has no obvious connection with the mass of the mattei It has, furthermore, been suggested that 
light may be subject to gravitation just as matter is, but there has been no evidence of such a thing 
But in a world of events, however it is measured, light must take a course depending on tlie distribution 
of mass m the Universe—or, speaking more strictly, depending on the other events of Nature—and 
that course, no matter who observes it, must be different fiom the course which the light, even if 
it were subject to gravitation, would take in the old world The elfect requiied by the world of events 
has been observed by photographing the 
stars apparently near the Sun during a 
total solar eclipse The starlight which 
passes near the Sun suffers a deflection 
which makes the stars appear to be 
displaced from their normal positions on 
the celestial sphere Ihis displacement 
has been measured by various astronomers 
at two eclipses—in 1919 and 1922 —and 
there is a general agreement that the 
world of events is justified by the lesults 

Lastly, in a world of events, not only 
the path, but also the wave-length, oi 
frequency, of light must be affected by 
mass This should be obseivabk^ by 
comparing the wave-length of light 
emitted by atoms in the neighboui hood 
of a very heavy body with the wave¬ 
length of light emitted by similai atoms 
in identical circumstances except llial 
the heavy body is not near at hand Foi 
example, if wc compaic the jiositions of 
the iron lines in the spectrum of the Sun 
with the positions of iron lines pioduccd 
under the same conditions of tempera¬ 
ture, pressure, etc , on the veiy much less 
massive Earth, we ought to find that the 
solar lines aie displaced slightly towards 
the led end of the spectium as compared 
with the terrestrial lines, and the dis¬ 
placement should be quite large enough 
to be measuied Some observeis claim 
that they have veiilicd the existence of 
this displacement, while others find no 
evidence of it The liuth of the matter 
IS probably that we do not know the jfliysical conditions m the vSun sulliciently well to bc‘ sure that 
we have mutated or allowed for them on the Earth vSpecLrum lines may be displaced by many 
agencies, and the time has not yet arnvc‘d when we can say with certainty how many of them inlliKnce 
the solar light, and to what extent tiny do so 

The whole body of reliably observed phenomena, is seen from cveiy point of view, is tlu^refore 
consistent with the existence of an external world—only it must not he <i world of matiei in space 
and time If we ask ourselves, after all this discussion, what are the ultimate units of the woild which 


v^T VTUn: OF SIR IvSAAC NIvWlON, TRINITY COMylvtUC, 
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vSii IstUic Newton, whose Uw oi giavilalioii has }^ui<kd a&lionomy for 
moic thcin 200 ycais, was tUi un(kiKi‘i<lualc of Tinnty Colles^c, 
Cainbiidgc Ills law was biscd on the <issumption that mallei, space 
and lime <iie <ibsolule 
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Science can safely take as the object of her studies, we must answer that they are events Matter, 
space and time are abstractions—^the results of our individual analyses of the fundamental events, 
and they partake of the state of the analyser as well as that of the events This is the general, the 
catholic meaning of the principle of relativity And it is not difficult to understand , it is not complex 
—^it is simple It is reached along a rugged mathematical road, and its laws are strange, but they 
are wonderfully consistent The word relativityis perhaps an unfortunate one , it emphasises 
the negative aspect of the new position Matter, space and time are relative, it is true, but there 
is also an absolute—the event “ The principle of absolutism " we might say, for the principle 
dethrones the relative and exalts the absolute To the ordinary intelligent thinker, who looks for 
the heart and not the members of scientific ideas, the principle should present little difficulty It 

IS the man of Science who 



has to bear the brunt of the 
battle He has to investigate 
a new world and adopt a 
new mathematics, and no 
one in this generation can 
destroy at a stroke the old 
methods and terms ot 
thought and adopt the new 
ones The physicist and the 
astronomer must still, for 
mathematical purposes, use 
the old conceptions of mass, 
space and time, and modify 
their measurements to allow 
for the imperfection of their 
conceptions They have to 
talk of a warp m space,'’ 
and use other apparently 
unintelligible notions, be¬ 
cause their mmds are human 
By assuming such enormities 
they can make the world 
amenable to their irrepress¬ 
ible mental habits and ten¬ 
dencies, and avoid the 
necessity of destroying the 
past achievements of Science 
before aiming at new ones 
But there is no need for the 
non-specialist to concern 
himself with the technical 
devices of the scientist It 
IS not only unnecessary—it 
IS actually harmful for him 
to try to imagine what is 
meant by the warping of 
space That is not the 


Newton is generally supposed to have devdoped his idea of rmiversal gravitation from principle o£ relativity , it IS 
the observation that an apple falling from a tree moved towards the centre of the ^ ^ ^ ^ . 

Earth This picture shows a portion of the tree m question ^ artltlCial mode 01 tllOUgnt 
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which Einstein has had the gemus to devise 
for the use of the scientist faced by the new 
situation which the principle of relativity 
creates The central idea of relativity is that 
the woild outside us is an aggregation of 
events, of units in which space, time and 
mattei alike have then source If that is 
simple, then the principle ol lelativity is simple 
And we need not greatly concern ourselves 
with the uncertainty that still lemains as to 
the way to measure the new world It is true 
that theie arc four possible ways, and there 
may be more Doubtless, in time we shall 
gradually eliminate the false and detect the 
true But, in the me<intime, the world is no 
less dehnite for us because we aie not suie how 
to nieasuie it On thc‘ contrary, our uncer¬ 
tainty aiises from the lact that we s(h‘ the new 
■world moie cleaily tlian, until lecently, we 
saw the old, and c an rc^cognise liner sluides of 
distinction and a greater wealth of possibilities 
than we could do, say, 100 yeais ago But 
even in the old world, some tune before its 
validity as a iinicpie objective existence was 
doubted, uncertainties aiose as to its measurt'- 
ment, which could only be settled by 
expeiiments too delicate to be performed 
Before the principle of relativity was dreann^d 
of, the character of th(‘ supposed absolute spac e 
was called in question It was recognised that 
there were at least three radically distinct possible spac es, one of which was the space of Euclid, and that 
only experiment could decide which was the actual space of Nature Burthen moie, it was known 
that in ceitam circumstances the mass of a body could change, and as foi lime, no one was evc^r 
able to slate what time was—we only kne^w how to rncMsuie it and could never be sure that oui 
measures represented equal units of the inystcTious thing we were measunng The world ol events 
IS not less, but more delinite than the world of imitlcn, space and time winch it itqdaces We have 
not defined it quantilcitively, but we have a clcxir idea of what it is 

It wc try to look forward into the future of vScience we see an endless vista of lefoimations of the 
external world It has been so m the past, and there is no sign of an impending change Only once 
m an epoch docs a refoimalion so radical as the principle of relativity arise The world was based 
on matter, space and time by the Greeks more than 2,000 ye<irs ago The world thus established 
was modified, slowly and hesitatingly, through ccmturies, till Newton made the giealest change in 
its history by adding universal gravitation to it (uacluallv the process went on , light, magnetism, 
electricity demanded acknowledgment, atoms and molecules weu^ introduced, space became 
associated with matter and the jethcr was postulated , non-Euclidean geometries arose , electrons 
were isolated Step by step the world founded on matter, space and time was built up and modified, 
until at last the foundations could sustain it no longer and it fell The world of events satisfies us 
now , will it always do so ^ Wc cannot tell It will be modified , false methods of measurement 
will be eliminated, and so long as human minds can find a way to retain it as a legitimate external 
world they will not hesitate to modify it for that end But a time may come when even events will 
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DICFIylCCriON OF vSTARr^KUir BY TIlIv SUN 
It IS only <luunj^ a total solai cUipsc tlnit the clcllcction of slai- 
lij^lit by the Sun ean be obscived At othei tunes duinig the 
d<iy the stais axe put out \)y ddfubed sunlight in the ICaiill’s 
iitmospheic This pieluu shows how the sky would appeal m 
the daytime if the biuth had no atmosplieie 
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not compose a woild consistent with all the observations that will then be pos-’ible If that should 
bfnin we cannot see what the consequences will be Perhaps a new world will be established on 
1 1 /-.Tirp-niinn if SO vet another indefinite future will stietch out for Science But 

It miy befeat nrsuch world will be possible , it may be that the postulate of an evternal world will 
have had its day and that its children will have iisen up to destroy it Should such a tune arrive, 
tZlolLs of Science will lay down her crown at the feet of Philosophy Nature wfil be transformed 
and we shall be transformed too. for we shall compiehend Nature But for the presen that i a 
possibility that we have no need to contemplate We are at the beginning now of a new era, and th 
way IS cLr for incalculable advances before the next check to the progress of Science migh be 
rZeted We a,e entering a world of new possibilities, and we can already see that problems which 
we^have thought insoluble may take on a new meaning and yield to our inquiiies 


CHAPTER XIX 

TIME ITS DETERMINATION, MEASUREMENT, AND 

distribution 

By C 0 Bartrum, B Sc , F R A S 


I 



VERTICAI, GNOMON 

A piimitive means of knowing the lime of day and the seasons of ycai 
The midday shadow is slioitest at the summer solstice, longest at the winter 
bolstice, and of intermediate length at the iquiiio^ts AtJ.hcsc last epochs 
the latio of the length of the shadow to the length of the gnomon is the 
tangent of the latitude of the plane 


F rom the earliest ages the 
alternation of light and daik- 
ness has provided man with 
a natuial unit of time, the solar 
day, the peiiod between successive 
returns of the Sun to the Stimt‘ place 
in the sky Modern dwt‘lleis m 
towns, accustomed fioni childhood 
to live surrounded by public clocks, 
maintained at suHiciently coireet 
time in some mysterious way of 
which generally they have no know¬ 
ledge, can realise the conditions of 
life among primitive folk only with 
an effort of imagm<ition In llu‘ 
lemote times, when all human life 
was simple, before thc^ d<iys of 
artificial light, when one worked 
while it was day and work w<ls 
impossible at night, the position of 
the Sun in the sky was the only iiud 
sufficient indication of the passing 
of the time of day Those whose 
duties kept them awake at night 
would with a little experience know 
by the fading twilight, the position of 
the stars and the approaching dawn 
how the night was passing A glance 
at his shadow on the ground conveys 
to-day to the simple native of India 
and of other countries knowk^lge of 
the time sufficient for his netnls 
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ANCIENT STEI,I<) USED AS A UNOMON 
Such a monumeul was pxobably used loi the purpose of 
following the comsc of the seasons by noting the length 
of the shadow cast by the Sun at midday 
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The simple expedient of driving a stake vertically 
in the ground and watching the changing direction of 
its shadow cast by the Sun served for ages, when 
greater accuracy of knowledge of the march of time 
was needed {see figures on pages 688 and 689) When 
the shadow of such a gnomon (Greekgt-gnosko, I know) 
was reduced to its shortest length midday was indi¬ 
cated at all times of the year The shadow of a 
vertical stake does not, however, move uniformly with 
time except at the Earth’s poles, and, what is more 
serious, its position at any time of day except noon 
differs at different seasons of the year A great step 
m advance was made when the gnomon was set up 
parallel with the Earth’s axis of rotation, pointing to 
the pole of the heavens Under these conditions the 
Sun will always appear to move uniformly round the 
gnomon and the shadow will be in the same direction 
along the ground or dial (Latin dtes, a day) at the same 
apparent time of day all the year round (see figure on 
page 691) We then have the true sun-dial 

We read in the Book of Isaiah, Chapter xxxviii, that the Lord commanded Isaiah to say to King 
Hezekiah that He would deliver him from the King of Assyria and that as a sign '' I will cause the 
shadow on the steps [or degrees], which is gone down on the dial of Ahaz with the Sun, to return 
backward ten steps So the Sun returned ton steps on the dial whereon it was gone down Ahaz, 
the father of Hezckiah, lived m the Eighth Century b c and we have here what appears to be the 
earliest reference to a solar time indicator Various forms of gnomon were known to the Chaldeans, 
and were said to have been introduced into Greece by Anaximander (611--r)45 b c ) and, according 
to Josephus, to have been used m Egypt from very early times To Berosus, the Chaldean philosopher, 
IS attributed the invention of the hollow dial cut in a block of stone A fixed bar cast a shadow on 
its concave surface which was divided by lines to mark the twelve hours of the day Such an 
instrument is referred to by Herodotus as having been derived from Chaldea, and it was known m 
Greece and Rome The octagonal Tower of the Winds at Athens, attributed to the Fourth 
Century b c , bears dials on all its eight sides, each of which carried a gnomon, as shown from the 
holes still to be seen These dials, however, are believed to have been added centuiies after the 
erection of the Tower The sun-dial has been used up to the present day When accuiatdy adjusted 
to the latitude of the place, correctly oriented to the meridian, and the dial properly calculated, it 
will give the apparent time accurately to two or three minutes (see figures on pages 690, 691) 

As civilisation became more complex and men congregated m large communities and came to 
co-ordinate their movements m common pursuits, some means were requnedof measuring time that 
were not continually dependent on the Sun The water-clock, or clepsydra, appears to have been 
the earliest of such means Such instruments are said by Sextus Empiricus to have been used by 
the Chaldeans, and by Vitruvius to have been invented by Ctesibius of Alexandria about 120 b c , a 
water-clock was used in the Athenian Courts of Justice to limit the length of speeches, and by 
Ptolemy the astronomer (Second Century ad ) for time observations Tycho Brah6 (1546-1601) is 
said to have measured intervals by a clepsydra This method of measuring time was to allow water 
to flow from a small hole into a vessel and to provide means by which the height to which it had 
risen in this vessel could be read off The flow was supplied from a small vessel maintained constantly 
full, the overflow passing away by a waste The small vessel was in turn supplied from a larger vessel 
In this way the head of water was kept at a constant height and the flow approximately regular 
In those days, and until the Fourteenth Century m Europe, the hour was a twelfth part of the interval 
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between sunrise and sunset, and conse¬ 
quently its value was less in winter than in 
summer To allow for this inequality in¬ 
genious contrivances were made to adjust 
the divisions on the indicator of the clep¬ 
sydra to the varymg length of the day [sec 
figure on page 693) 

A means for measuring time used from 
early days in India, and still m use among 
the natives, is the fam k% ghurry (water- 
clock), consisting of a thin metal basin with 
a hole in the bottom This is set afloat in a 
larger vessel of water, the water enters by 




From “ Astronomy for All ”] 

{By permission of Messrs Cassell & Co , Ltd 


VERTICAI, SUK-niAI, 

Sun-dials are commonly found on mediaeval 
churches As with the horizontal dial, the 
gnomon is fixed paraUd to the Earth’s axis 
and pomts therefore to the pole of the heavens 


THE PATH OF THE SUN IN THE SKY 
C IS the position of the observer, NOSW the plane of the 
P the pole of the heavens, OAW the equator of the IxeiA’vtwai* 
NPAS the meridian, PCN the latitude of the place Xlics Swii 
appears to move uniformly, parallel to the circle W A O, eacrlx t-lwy • 
crossmg the meridian at apparent noon In summer the i* 

higher, at theequmoxes the Sun is on the equator , and itx wiiitct 
the circle is lower 

the hole, and after a oertaiti interval sinks the basin It is tlirn 
raised, emptied, and the process repeated, the numl'>t*r of 
repetitions being counted Modern archaeologists have found 
very thm bronze basms similarly provided with a hole ii.incjng 
British remains of the time of Caesar's invasions, whicli can 
only he explained on the supposition that they were us eel by 
the Britons as tune measures in a similar way to the f^liurry 
referred to above Examples of these British basins are new 
in the British Museum In Caesar's “ GaUic War " he 
of measurmg time m Britam '"by accurate water measuire^,*' 
and this sentence has been taken to refer to the use of the 
clepsydra brought over by the Roman armies It now seems 
possible that Csesar was speakmg of the use by the Britons of 
these bronze basms 

The sand- or hour-glass was in use as a rough time surer 
many years before the beginning of the present era, ‘hnt its 
important function has been its use by seamen in combin ion 
with the log for determinmg the speed of the ship throti|j;li the 
water The log, or log-ship, was a flat piece of wood, wbioli was 
weighted along one edge so that it floated upright, and to wliich 
was attached the log-Ime This line was knotted at calculated 
mtervals When an observation was taken the log was tlarown 
over the side into the water and the Ime allowed to rvixi i>ut 
freely through the hand The number of knots that j>;£issecl 
the hand while the sand was running out of the glass inciicateci 
the ** knots," or the speed of the ship m nautical miles peir lio ur* 
Until quite lately the use of the sand-glass for this purpose wus 
taught to naval seamen Various patent logs are no*w used 
m plact of the old log and sand-glass. These depend for their 
action upon the rotation of a screw as it is dragged by a 
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rope in the* wake of the ship, and the rotations are registered on a dial Mention may also be made 
of the use sometimes made of a sand-glass m churches till the last half-century to limit the length 
of sermons, and m kitchens for timing the boiling of eggs King Alfred is said to have measured time 
by the burning of candles An ancient custom has been retained m the old Hanse city of Bremen 
whereby the time allowed for the auction of property is limited by the burmng of a small candle 
The accurate measurement of time became possible only with the development of the mechanical 
clock Before dealing with this, some attention must be given to the division of the time of day and 
to the different kinds of recorded time 



Sunrise* tind sunset are the most obvious events in the passing of the time of day It is not 
surprising, then, to find that until modern times the divisions of the day were reckoned almost 
universally from the one or the other With the ancient Hebrews the day began at sunset We 
r(‘dd m (ycnesis, “ The evening and the morning were the first day '' This custom they still observe, 
and it has been adopted by the Western Catholic Church, whose feasts and fasts begin at six o'clock 
on the eve of the ap¬ 
pointed day In an¬ 
cient (ireec c* i ec koning 
was made trom the 
evening and, ac (ording 
to C<isar and Xiutus, 
the ancient (^auls and 
Cieimans c()nipul(*d 
their times and seasons 
by the night (compare 
onr more modern se’n- 
night and fortnight) 

In Babylon the* day 
from sunrise to sunset 
was divided mto twelve 
ecpial pails, a division 
associated with the 
twelve divisions of the 
zodiac In Palestine 
at the time of the 
Roman occupation this 
was the custom, for we 
read (Matthew x\) 

that the lord of the vineyard went into the market place at the eleventh hour when it was nearly 
even , Clinst's death is recorded as occurring at the ninth hour, that is, at 3 pm of our present 
reckoning Wc still speak of midday as noon, that is the hour for saying nones in the churches This 
was the ohue ai)pointed for the ninth hour, originally half-way through the afternoon, but later 
put foiward to midday In Chaucer's (about 1340-1400) Prologue to the ** Parson's Tale, the 
narrator speaks of its being ten of the clock," by the shadow," when, as is shown by the context, 
he IS referring to four hours after noon , m another place he refers to the sureness of a clock, a reference 
that suggests that clocks were becoming known in Chaucer’s time This custom of dividing the day 
from sunrise to sunset irrespective of the season into twelve equal parts continued in Europe until the 
Pdurteenth ("enlury The variations in length of the hour at different times of the year were incon¬ 
sistent with the use of mechanical clocks, which were then coming into use, and the custom was probably 
discontinued on that account In some parts of Turkey, where, with its backward state of civilisation 
and its ancient association with the East, we should expect to find old customs retained, the day 


HORIZONTAI, SUN-DIAI, 

The giionion should make an angle with the dial equal to the latitude of the place and should 
he m the meridian It will then be parallel with the Barth’s axis, and will throw a shadow in 
the same direction at the same apparent time at all seasons of the year 
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IS still divided into parts 
that differ in length with 
the season 

Such varying units of 
time were of no use to the 
ancient astronomers, Hip¬ 
parchus (190-120 B c ) and 
Ptolemy (Second Century 
ad) In place of these 
"temporary hours,” as 
they were called, they 
reckoned in " equinoctial 
hours,” that is, the twelfth 
part of a day at the time 
of equinox Ptolemy also 
numbered the hours from 
noon through the twenty- 
four hours to the followmg 
noon, as has been the cus- 



[P Collins, Reading 

RING SUN-DIAIyS 

In general use in the Seventeenth and Eighteenth Centuries The ring is suspended by 
the metal loop A small hole in a barrel of metal, adjusted to the time of year by being 
moved m a groove, throws a spot of sunlight on to the inner surface, which is marked in 
hours “ And then he drew a dial from his poke ”—You Like It, Act II, Scene 7 


tom of astronomers ever since It seems, then, that the change that is being introduced with the 


Nautical Almanac of 1925, of reckonmg the astronomical day from 



[P Collins, Reading 
HOUR-CEASS 


Dry sand is hermetically sealed within 
the glass vessd The sand flows in a fine 
stream through the narrow neck from 
the upper to the lower bulb m an approx¬ 
imately constant tune 


midnight, and of making its begmnmg agree thereby with the 
beginning of the civil day, involves the breaking of a very ancient 
custom among astronomers 

The accuracy of time to which Hipparchus worked in the course 
of his observations involved a more subtle adjustment of the hour 
of day He, and Ptolemy after him, were aware that the day 
from noon to noon as indicated by the Sun was of varying length 
Hipparchus made a table of the " equation of time ” by which to 
allow for this variation m length of the solar day The following 
considerations will show how this variation arises With reference 
to the stars, the Earth rotates with extreme regularity, undergomg 
only a minute secular slowing down which will be dealt with later, 
A sidereal day, the interval between two southings of a point in 
the skv, IS then constant A solar day, however, is the interval 
between two successive crossings of the meridian of a place by 
the Sun and this interval varies for two reasons Owing to its 
revolution round the Sun the Earth requires to rotate rather more 
than 360° between two successive noons, and thus a solar day is 
about four minutes longer than a sidereal day But the Earth’s 
angular velocity in its orbit round the Sun is not uniform owing 
to the ellipticity of the orbit In the winter of the northern 
hemisphere the Earth is nearer the Sun and its angular velocity 
round the Sun is consequently greater For this reason alone the 
solar day would he longer at Christmas than at midsummer 
Agam, owmg to the obliquity of the ecliptic to the equator the 
apparent motion of the Sun in its yearly path, even if it were 
■uniform, would not be uniform in its relation to the equator On 
this account considered alone the solar day would be shorter at the 
time of the spnng and autumn equinoxes than at the summer 
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and winter solstices The ellipticity introduces an inequality of the solar day with a yearly period 
and the obliquity one having a half-yearly period In order to overcome this irregularity and to 
provide a uniformly flowing time for the regulation of clocks, a fictitious ^‘mean'^ sun has been instituted, 
which travels at a uniform rate along the equator and which never departs far from the position of 
the real Sun The time given by this mean sun at any place is called the mean time of the place. 
The amount by which the mean time is in advance of the true, solar, or apparent time is called the 
equation of time This is zero on the 25 December, reaches nearly fourteen and a half minutes about 
the 11 February, returns to zero in the middle of April, has a negative value of nearly four minutes 
about the middle of May, becomes zero again in the middle of June, has a positive value of about 
SIX and a quarter minutes about the 27 July, returns to zero on the 1 September, reaches a negative 


value of about si\teen and a quarter 
minutes early in November and returns 
to zero again at Christmas These 
changes are given graphically m the 
diagram, on page ()94 The equation of 
time IS calculated for noon of each day 
of the year and given in the Nautical 
Almanac Mean time, then, is that 
shown by <l well-regulated clock, while 
solar or ai)parent time is that given by a 
sun-dial or by any other means of deter¬ 
mining the hour-angle of the Sun Each 
place on the Earth’s surface has its own 
'"local’' lime, mean and apparent, 
which IS the s<ime <il all points in the 
same longitude, and which differs from 
points east and wt^st of the place by four 
minutes for eacli degr(M' of cliifereiice of 
longitud(‘ 

It was staled above Unit the harlh 
rotates on its axis with great regularity , 
this rotation with i eferiuu'e to the stars 
provides indexed a time-kt^eper of great 
perfection, limited only, so far as is 
known, by a small penodic shifting of 



the axis of rotation within an area at the 
surface a few yards acioss, and by tlie 
very small seculai letardation already 
referred to From the study of ancient 
records of eclipses of the Sun and Moon 
by lEibyloman and (rreeh historians 
and astronomers, by calculation from 
the recorch'd times of day and magni¬ 
tudes of these c‘chpses and from the 


/<rom “ / imi and t locks,by H H Cunyii^hatm 1 

[By kind permission of Mcst>rs Constable & Co, Ltd 

' CnUPSVDRX, OR WATER-CnOCIC 

The vessel on thciiglit is maintained full and overflLowmg Rrom it water 
eliipb slowly by the small opening P into the vessel A As the water level 
j ibcb 111 A the floating figme B uses, and the index C moves over the scale 
on the (liuin D When the float reaches its highest point it moves the 
wheel E through one tooth by the pawl F, the water flows over the siphon 
C» and empties A, and a new day begins The wheel E has 365 teeth, so 
that the drum D turns once round in a year The lines on the drum give 
leadings in tempoiary oi seasonal hours—m suiiimer twelve long daylight 
hours and twdve short night hours , in winter the reverse 


places wlitT(‘ tli( y wctc said to have occurred, this slowing down of the Earth's rotation has been detected 


and mt^asured The estimate made by Dr J K Fothenngham of the amount of this retardation, 


following on the researches of Ur P H Cowell, is such that a clock keeping accurate time with the 


Earth at any moment and continuing at the same rate will be 0 3 seconds fast at the end of a century, 
four times this in two centuries, nine times or say two and a half seconds fast after three centuries, 
and after two thousand years lh(‘ clock would be two minutes fast This retardation seems very little, 
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but the Earth is a massive body and to slow it even this amount requires an expenditure of en.t*rKy 
every year equivalent to the raising of nearly three million million tons a mile hi^h , or, to pnt tin 
matter in another way. to retard the Earth to this extent involves the continuous expenditiir< * •* '1 
about two thousand million horse-power This slowing has always been attributed to the frit-ti«»n 
of the tides caused by the Moon and Sun in the surface water and solid matter of the liii**** 

It has been shown lately by Prof G I Taylor and Dr Harold Jeffreys that the effect c>£ tin- 
tides in the solid rocks and of the water in open seas is inconsiderable, and that practically the wtw»!. 
retardation can be accounted for by the flow of the tides in shallow land-locked seas and bays stxcJi as 
the Irish Sea 

The standard of time is the Earth's rotation with reference to the heavens A # 

however regular, requires a hand and a dial in order to be read The hand or index used io 
accurate determinations of time is the transit instrument, a telescope set with great precision iti t lie 
meridian, and this will be considered later The dial is supplied by the stars, but the zero of the 
dial IS no one star nor a fixed point among the stars, but the First Point of Aries, as it is called , or tin* 
spnng equinoctial point When this is on the meridian of any place a sidereal clock at that 
should read 0 hours 0 minutes 0 seconds The First Point of Aries, so named because at its nctiittriw 

it was in the constellation 
though it has since moved into 
IS that point on the ecliptic at ’wltich 
the Sun arrives at the moment of t In 
spring equinox on the 21 Mai«h 
Owing to precession the eqiuuoc^t la! 
point moves slowly backwards, that 
m a westerly direction, meetui 14 tin 
Sun before he has quite c()mpleti*cl In » 
circuit of the stars A tropical yf%ii 
then, from spring e(|uinox to iiik 

equinox,IS shoiter than a sulerea 1 y«*nf 
by about twenty minutes The* prr 
cession of the equinoxes was cliscf > vt*i««l 
by Hipparchus The points inakt* a 
complete circuit of the ecliptic in si I n tut 
26,000 years 

The solar day and the tropica 1 \ 1 ai 
arc the two periods of most 
practical interest to man, detertniiiiiu* 
as they do the alternation of hgl it a in I 
darkness and the succession of the seasons Records extending over hundreds of years have cai*ihl< il 
astronomers to compute with great accuracy their relative values The Chaldeans reckoned th«» ytsii 
to contain 365i days, and this estimate we now know to be about eleven and a quarter mmulf-H tmt 
much Hipparchus measured the year in terms of days with an error of only about five iniiiiitis 
It was upon such knowledge that Julius Caesar, advised by the Alexandrian astronomer 
based his calendar This was not superseded until the Sixteenth Century, when Pope Gregory 111 
introduced his reform based on later knowledge The Gregorian Calendar is so well planned t li,tt i| 
IS destined to maintain the adjustment of the spring equinox to the 21 March for thousands of 
without further correction 

This New Style was not introduced into England till the year 1752, and the cata.cly^iti 
of the Great War was required to force its adoption upon Russia, Greece and other 
States and upon the Orthodox Church The length of the tropical year in mean solar cl^iyn 
IS now known with an accuracy of a thousandth part of a second Since the number of 



EQUATION OF TIME 

The scale to the left is in minutes, + means Sun after clock, — Sun before 
dock The curve B represents the effect due to the obliquity of the 
echptic, the curve C tliat due to the dhpticity of the Earth’s orbit D is 
the combined effect of B and C This equation is the collection to be 
applied to the apparent time given by a sun-dial to obtain mean solai or 
dock time 
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days in a year is exactly one more than the number of solar days it follows that the relation of the 
year to the sidereal day is known with an equal degree of accuracy, and also that of the sidereal day 
to the mean aolar day The sidereal time at mean noon at Greenwich is calculated for every day 
in the year and published in the Nautical Almanac It may be pointed out as of some theoretical 
interest that the sidereal time there given is not, as is perhaps thought by some, a uniformly flowing 
time as is mean solar time As stated above, the zero of sidereal time is determined by the position 
of the spring equinoctial point, which moves by precession along the ecliptic Owing to the 
phenomenon called nutation this point does not move with 


a uniform velocity and the sidereal time as given in the 
Nautical Almanac makes allowance for this want of uni¬ 
formity No clock showing sidereal time has ever yet been 
designed, or has any immediate prospect of being designed, 
of such accuracy as to be capable of detecting this want of 
uniformity 

The standard time at all observatories is determined daily 
^ when the conditions of the sky are favourable, by obser¬ 
vation of the'stars with the transit instrument The method 
of doing this will be considered later The sidereal time so 
obtained is converted into mean solar time for ordinary civil 
purposes by tables of the sidereal time at noon The time 
can be obtained with greater accuracy from observation of 
the stars than by direct observation of the Sun, and this 
method has the further advantage that favourable oppor¬ 
tunities as regards the conditions of the sky can he made 
use of at any time of day or night 

The development of methods of accurate determination 
of time and of accurate time-keeping have progressed 
together Correct determination and correct measuring arc 
mutually dependent Geared mechanism was doubtless 
known from early times, but the first application to the 
measuring of time seems to have been made at the end of the 
Thirteenth Century We hear that an instrument for striking 
the hour on bells was erected in a tower at Westminster in 
1288 for giving the time to the Courts of Law This was 
correctly called a clock (French cloche, German glocke -a 
bell) During the next hundred years several are known to 
have been erected on the cathedrals of this country and on the 
Continent In addition to striking the hour on bells they 
sometimes showed various astronomical phenomena In 
those cases where these eaily clocks indicated the time by a 
hand on a dial there was one only—the hour hand This was 
made to move in the direction m which the shadow of the 



liARnV CI,OCK MOVI^MICNT 
B, the balance with adjiiblablc weights S S, 
M Q the batinct staif oi vcigc, P and Q the 
pallets Liigagin^^ with the teeth of the ciown- 
whc'd A, K and G lantern pinions of cylmdiical 
rods bctweui two side pieces Bcfoie the 
invention of the pendulum all docks were 
made with such a balance and with tins verge 
escapement 


gnomon moved on a horizontal sun-dial The clock was m 


fact a mechanical sun-dial and the clock-wise direction of the motion of the hands of all tmie-kcepers 


remains as a record that clocks were evolved in the northern hemispheic 


The designing of time-keepers depends on the provision of (1) a body vibrating with a constant 


period, of (2) a means of maintaining the vibration against friction and air-resistance, and of (3) a 
means of counting the vibrations and of recording on a dial The efficiency of the time-kceper will 
depend on the degree with which (2) the maintaining, and (3) the counting, are effected without 
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disturbing the period of (1) Since sonie degree of disturbance is inevitable it is necessary that the 
vibrating body shall have the property known as isochronism This property will now be explained 
If a thin steel rod be clamped by one end in a vice and a weight be attached to the free end, this 
weight will tend to take up a neutral position about which it will vibrate if disturbed and at which, 
after a number of excursions to and fro, it will eventually come to rest It is a property of such a 
rod that when forcibly moved out of its neutral position the force tending to restore it is proportional 
to the distance moved When, as in this case, the recovering force is proportional to the displacement, 
the period of vibration is constant and independent of the amplitude of the vibration A tumng 
^ fork IS another instance of this, as is shown by the note given out 

mamtainmg its constant pitch as it dies away Such a vibration 
IS said to be isochronous and it is essential that the vibrating 
system governing a time-keeper shall obey this law 

Till the Seventeenth Century clocks were controlled by a 
balance consisting of a bar weighted at each end and attached at 
its middle point to a pivotted spindle or verge Pallets attached 
at two points to the verge engaged alternately with the upright 
teeth of a wheel shaped like a crown, a tooth escapmg alternately 
c on one side and on the other across a diameter of the wheel In 

^ balance was forced to rotate backwards and forwards 

IW "tbe drivmg force of the tram of wheels giving 

wHfflmlltali balance and the balance controlhng the movement 

IIBhH 1 ill IH the tram figure on this page) The law of isochronism 

Mlllniimnillllllinili I||L1I| 1. HiiilliliH was not obeyed in this system and such clocks were pool time- 

ii keepers in consequence, the rate varying with the force of the 

II tram which was not constant A clock of this character, said to 

II b3-ve been made m 1348, and formerly m Dover Castle, is still 

J|| ^ woiking order m the Science Museum, South Kensington 

Ini early church clocks were, except m their governing mech- 

Hj| | ^ anism, very like the commoner clock of to-day A weight, often 

3. large stone, drove the tram of wheels by a rope wound round a 
Prom “ Clocks, Watches and BMs,'* cylmdneal barrel, to which was attached the slowest or ** great 

[By kind permission of Messrs ^ Bakett] This djove the Centre wheel and this through an inter- 

crosby Lockwood & so« mediate Wheel drove the crown or 'scape wheel (see figure 

The fixst great advances clocks was the apph- 

The tooth D of the crown-wheel has lifted nation 01 the pendulum as the controlling system According to 

«>« of the i^dhlmn was Srst dBcovcred 

Upon the p^et B and escape in its turn ^^Ineo When Watching the great chandelier hangmg from the 

>^°ofofthecathedralatRsa He noticed that the penod of swing 
c and carrying the balance and two pallets constant as the extent of swmg became less Huyghens 

the ^natter theoretically andshowedthcsuitabihtyof the 
drivmg force of the wheel, the arrangement P^^idulum for the government of a clock It was not, then, until 

&'’»>t«nth Cent^thht clocks were mhde m which the old 
for the balance balance Was replaced by a pendulum From that time to the 

present day progress has been rather in respect of detail than of 
principle and with the full history of the improvements it is impossible to deal here A few points 
only can be referred to 


In 1680 Clement of London substituted the anchor escapement with a flat 'scape wheel for the 
crown wheel and verge (see top figure on page 697), and early m the Eighteenth Century Graham 
introduced an improvement that is comparable with the apphcation of the pendulum in its importance 
in the history of good time-keeping He altered the form of the bearing surfaices of the pallets and 
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the shape of the teeth of the ’scape wheel in such a way that the 
pendulum was free from the force of the tram except foi a short 
distance on each side of its vertical position {see lower figure on 
this page) Even to-day, with few exceptions, the Graham dead¬ 
beat escapement is applied to all clocks where really good 
time-keeping is demanded Graham, for this and other improve¬ 
ments 111 the making of clocks, was honoured with burial m 
Westminster Abbey In the meantime advances were being 
made m the workmanship of the wheel tram and in the cutting 
of the teeth so as to give a more constant driving impulse to the 
pendulum, and various forms of compensation were being intro¬ 
duced to eliminate as far as possible the effects of changes of 
temperature upon the free period of its swing {see figures on page 
700 and page 701 (top)) 

About the end of the Fifteenth Century flat steel coiled 
springs were substituted for the falling weight as the driving 

power where port¬ 
ability was a consider¬ 
ation, and 111 the Six¬ 
teenth Century small 
clocks were made that 
could be earned about 
{see top figure on page 
702) These wei e pooi 
time-kcepers until the 
“ hair spring” or “bal¬ 
ance spring” was in¬ 
vented by Dr Hooke 
about 1664 and was 
applied to control the 
vibration of the bal¬ 
ance The balance 
then became a more 
nearly isochronous 
governor and was <1 

fail substitute for the pendulum for portable time-pieces 
About the year 1770 Thomas Mudge applied the idea of 
Ciraham’s dead-beat escapement to watches m the form 
known as the “ lever,” and about the same time Le Roy, 
of Pans, invented the "detached” chronomotin escape¬ 
ment (see hgures on pp 702 and 704) The lever escapement, 
with improved design, is still universally applied to pocket 
watches of all but the cheapest kinds, as is the detached 
escapement always used for ships’ chronometers The 
advantage to good time-keeping of the dead-beat applied 
to clocks, and the lever and detached escapements applied 
to watches and chronometers, is the freedom allowed to 
the pendulum and balance respectively, so that their 
isochronous properties may have better effect As Harrison 
said m a description of one of his time-keepers to be dealt 



From “ Clocks, Watches and Bells,'* 

^ , by Sir Edmuna Beckett \ 

{By kind permission of Messrs ( rosby Lockwood & Son 


GRAHAM’S DBAB-BI5AT BSCAPIJMim' 
Still almost univci bally applied to clocks having 
a pretension to <icairacy It differs irom the 
Recoil {see upper liguic on tins page) in having the 
portioiifa Cr D and B B cut away, leaving the 
surfaces O D and BP' aics of circles about the 
centre C Bxeept, then, while the pendulum is 
near its vertieal position and the points of the 
teeth are sliding down the slopes of the pallets 
at A and B, giving their impulse to the pendulum, 
the latter is fxee from the foice of the tram except 
as regards friction With this escapement there 
IS no reeoil, hence the name [In the liguie loo 
much space is shown at A] 



Prom “ ( locks, Tl alihcs and Bills," 

, by Sir } dmund Ihchtt^ 
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two pall e Is move m the saine plane The ad- 
vanbige over the veige is that a smallei swing 
of the pendulum is uquiud to allow the 
teeth to esCiipc In both these eseapeinents 
the pendiilimi is iievei fiee fiom the dnving 
foice of the tram of wheels which leeoils 
aftei the escape of e<ich tooth An\ 
meonstauey of the foiet of the tiam affects, 
theiefoie, the pttiod ol swing 
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With later, the less the wheels have to do with the 
balance the better " With these inventions progress 
seemed to have come to an end, except for improve¬ 
ments of detail, and time measuring was equal to the 
demands put upon it by the accuracy of time deter 
mmation 

Any interference with the freedom of vibration of an 
isochronous system by the addition of energy, or by its 
subtraction, m any part of the path of the body except 
at the neutral position alters the period of its vibration 
Hence it is important that the impulse shall be given 
to the pendulum or balance at a part of the swmg 
confined as nearly as possible to this position Further, 
any work the pendulum or balance is required to do in 
the way of unlockmg the escapement or of overcoming 
friction should, for the same reason, be done neai the 
neutral position The errors of rate due to want of 
perfection of design m those respects are called escape¬ 
ment errors 

It has been assumed so far that the pendulum is 
strictly isochronous This is not the case, as was shown 
long ago by Huyghens If T^, is the half period when 
the amplitude is very small, and if T is the half 
period when the same amphtudc is oc degrees, then 
T = (1 + 0 0000194a^)To As the amplitude increases 
the period of swing lengthens by an increment of time 
proportional to the square of the amplitude To take 
a concrete case, if a seconds pendulum is keeping correct time when its complete arc (twice the semi- 
amplitude) is three degrees, a usual amount for a good clock, it will lose nearly a tenth of a second 
a day if by a change of impulse its arc increases by only two minutes of angle Such variations of rale 
are said to be due to circular error It follows then that for good time-keeping the swing of a pendulum 
should be small within certain hmits, and the impulse should be constant In practice, changes in the 
dnvmg impulse are due to vanous causes, mcludmg changes m the force of the main spring where one 
IS used, to imperfection in the gearing of the wheels of the tram and to conditions of lubrication A 
method of eliminating the effect of these changes often made use of is to impel the pendulum directly 
by a lever acted on only by gravity The clock train raises the lever at the right moment to a position 
from which the pendulum in its motion releases it The lever then falls under gravity with the 
pendulum, giving it a constant impulse Perhaps the most notable gravity escapement is the double 
three-legged,'* a modification by E Beckett Denison, afterwa^-ds Lord Gnmthorpe, of a form designed 
by Bloxham [see figure on page 699) This was first apphed to the great Westminster Clock where 
it has proved astonishingly successful It is unsuited for small clocks 

The balance spring of a watch requires to be curved accordmg to certam rules in order to be strictly 
isochronous Breguet and Arnold at the end of the Eighteenth Century arrived empirically at approxi¬ 
mations to the correct curves which were not fully understood theoretically for another hundred years 
With watches and chronometers, then, it is also important that the dnvmg impulse shall be as constant 
as possible m order to reduce escapement errors and errors due to want of isochronism 

With improvements of late years in the methods of observmg for time determination new demands 
are arising The clocks made by Dr Rxefler, of Munich, with his own escapement, have for some years 
held the field Now new methods of time-keeping are bemg studied in which the pendulum is almost 
entirely free, in which there is often no clock tram or escapement at all, but where by the use of electric 
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contacts the pendulum registers its vibrations and receives its impulses with the very minimum of 
disturbance The impulse is given generally by a gravity lever raised by an electro-magnet and 
released by an electric contact With these precision clocks the pendulum is now generally made of a 
nickel-steel alloy of small coefficient of expansion with temperature This alloy was discovered and 
investigated by Dr C E Guillaume and named by him '' invar '' In order to eliminate the disturbing 
effects of changes of density of the air with changes of 


barometric pressure the pendulum is suspended in an air¬ 
tight case, and to reduce temperature effects is placed in 
a room maintained at a constant temperature Under 
these circumstances variations of rate may amount to an 
average of only one-fiftieth of a second a day 

The subject of navigation is so intimately connected 
with the methods of determining and measuring time that 
some consideration must here be given to it 

Until the Fifteenth Centuiy sea voyages were almost 
entirely confined to the coasts Seamen were guided by 
sight of land and by dead reckonings based on lough 
estimates The magnetic compass was known in Europe 
in the Fourteenth Century but was not generally m use 
at sea for more than a hundred years afterwards There 
had been no substantial improvement in navigation for 
thousands of years, and to go far out of sight of land was 
a serious venture Latitude could be roughly estimated 
by noting the altitude above the horizon of the pole star 
The instrument used for this purpose was the cross-staff, 
consisting of a long wooden rod upon which slid a cross¬ 
piece There were pm-holc sights at the near end of the 
rod and at both ends of the cross-piece, and an obsei vation 
consisted in placing the eye at the former and sliding the 
cross-piece along until the two objects, oi the heavenly 
body and the sea horizon, coincided respectively with the 
two sights on the cross-bar The required angle was then 
read off on the body of the lod, which was divided into 
degrees In the Fifteenth Century Prince Henry the 
Navigator and H (1481-95) of Portugal tried to 

improve navigation and caused more accurate calculations 
to be made of the Sun's declination, and the results to be 
published m tables whereby the latitude at sea could be 



determined from the altitude of the Sun John also intro¬ 
duced the astiolabe, as more convenient for measuring 
altitudes This instrument had been known from early 
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times A simple form consisted of a heavy metal disc 
suspended by a ring at the upper edge Pivotted at its 
centre was a pointer extending across a diameter and 
carrying a pin-hole sight at each end The pointei was 
moved until the sights were in line with the Sun or other 
heavenly body when the disc was suspended and at rest 
A scale of degrees round the edge then gave the altitude 
of the body As yet there was no means of measuring 


A inodihcatioxi by R Beckett Detn&oii (Rord 
(jriuulhoipc) ol an escapement by Bloxbam, and 
*id()ptcd by tliL found for the Wcfatmmstei dock 
riie pendulum is drivui by the two gravity levers 
pivottcd at the top of the figuic near the point of 
bending of the pendulum suspension spring As 
the pendulum uses, it picks up and lifts one lever, 
the double three legged wheel is thereby unlocked 
and lifts the other lever The impulse given to the 
pendulum is independent of the clock tiam and is 
due to the fall of the levels under gravity from 
then higher positions to then lower 
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distance travelled nor of determining longitude With these difficulties m mind it is astonishing 
to read of the domgs of the great navigators of the Fifteenth and Sixteenth Centuries The seaman, 
when he had once lost sight of land, depended entirely on the roughest means of estimating the 
way of the ship,” and if this dead reckoning was miscalculated or lost he had no method of knowing 
where he was Columbus and Cabot sailed mto the imknown when they crossed the Atlantic at the 
end of the Fifteenth Century So mcapabk of determinmg longitude was he, that Columbus, when he 

arrived at the islands oft Central America, thought he was among the 
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islands to the East of India, the natives were called Indians and the islands 
took the name of the West Indies Between 1519 and 1522 Magellan sailed 
round the world by way of Cape Horn, not only crossing the Atlantic but 
also the Pacific By the end of the Sixteenth Century there was a rage for 
ocean exploration and merchant adventuring, as the names of Drake, 
Willoughby, Frobisher and Hudson will recall to mind 

Dunng these centunes the production of maps and charts was makmg 
progress and at the end of the Sixteenth Mercator’s projection, so invaluable 
to navigators, was in process of development Davis’s quadrant or back- 
stafE came into use as an improvement on the cross-staff , the variation of 
the compass was being studied and better tables of the declination of the 
Sun and stars were bemg calculated Then, about 1624, the Dutchman’s 
log for measunng the ship’s way (desaibed on page690) began to be adopted, 
but Norwood, m his work on navigation, ** The Seaman’s Practice ” 
published in 1637, could still write, " as there is no means of discovering the 
longitude a seaman must trust to has reckonmg ” 

In the early Seventeenth Century ocean voyagmg was becoming so 
general that the want of a method of determining longitude was senously 
felt If the seaman could only have means of knowing the time at any 
place marked on maps and whose longitude was known, this knowledge, 
combined with comparatively easy means of determming his local time, 
would have given him his longitude at once The determination of time 
by the method of ** equal altitudes ” of the Sun which had been practised 
by the Arabs hundreds of years before the present era, was introduced into 
Europe about the middle of the Fifteenth Century and was much in use m 
the Seventeenth This consisted of noting the two moments at which the 
Sun attained some convenient altitude above the horizon, respectively 
before and after crossmg the mendian The moment half-way between 
these events was taken as noon {see lower figure of page 704) The time so 
obtained was apparent noon and by applying the equation of time mean 
noon would be known The difference between this and the mean time at 
the same mstant at some place of known longitude, if such had been 
obtainable, would have given the ship’s longitude by allowing fifteen 
degrees east or west for each hour the ship’s time was before or after the 
time of the known place 

After the discovery of Jupiter’s satelhtes by Galileo, about 1610, it was 
proposed that the tunes of ecipses of these bodies should be calculated and 
pubhshed in advance in an almanac for seamen It would, however, be 
difficult to make use of a telescope with a sufficiently large magnification 


on the deck of a ship and, moreover, these edipses are not suffiaently definite in time to serve 
this purpose It had also been suggested by Werner as early as 1514 that the movement 
of the Moon among the stars would be a valuable method of determining absolute time and thence 
of longitude at sea, but the places of the stars and the motion of the Moon were not suffiaently known 
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then, and observing instruments were not of sufficient precision 
It was under these circumstances that Le Sieur de St Pierre brought 
to King Charles II a proposal that tables of the places of stars and of 
the motions of the Moon should be made and published in an almanac 
for the use of sailors Charles II, who seems to have had more enlighten¬ 
ment than IS generally attributed to him, was pleased with the idea and 
referred the proposal to the Royal Society, which had lately been 
founded (1662) John Flamsteed, who was known to the Fellows of 
the Society as a brilliant young mathematician, was selected to report 
on the matter He reported that the proposal was a good one hut was 
impracticable owing to the want of sufficiently accurate knowledge of 
the places of the stars and of the motion of the Moon Tycho’s cata¬ 
logue of stars, the best available, was not good enough for the purpose 
intended Charles thereupon (to quote the terms of the Royal Warrant 
of 1675, from Mr E Walter Maunder’s History of the Royal Obser¬ 
vatory, Greenwich, from which many of these facts are taken) com¬ 
manded Flamsteed ** to apply himself with the most exact care and 
diligence to the Rectifying the Tables of the motion of the Heavens 
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A simple nij^cmotis conlnvancc in vented by Ilaruscjii 
foi mamlcimint? the dnvinj^ power of the cloek or watch 
while it IS being wound The feinaller latelu 1 wheel 
attaelied to the b<inel 11 diivcs the larger ratehet whed 
by the pawl R, whieli m turn drives the great wheel 
O by the spiing S S" On the bairel being turned by 
the winding key to the right, the larger lalehct whed 
IS prevented from following the barrel to the right by 
the pawl r and the movement eoiitmues to be driven 
by the spring S S' Used on all good clocks, watches 
and chiononietcrs 


and the Places of the fixed Stars so as to find out the 
so-much-desired Longitude of places for the perfecting 
the Art of Navigation ” A lew months later a further 
warrant ordered that Sii Christopher Wren should 
build "a small observaloiy” withm “our park at 
Cj-reenwich ” at a cost of not more than £500 Flamsteed 
was then installed, as the hist Astronomer Royal at a 
salary of £100 a year, out of which he was to provide 
himself with the necessaiy instiurnents He did apply 
himself with care and diligence and lus catalogue of 
stars made at Careenwich was a great advance Miss 
Agnes Clarke quotes DeLunl)ie as saying The estab¬ 
lishment [at Gieenwich] was indeed absolutely without 
a rival Systematic obseivations of Sun, Moon, stars 
and planets were during the whole of the Eighteenth 
Century made only at (irecmwirh ” 

It may hero be mentioned th<it about the year 1700 
Roomer invented the transit instrument by which time 
could be determined by tuinsits across the meridian, 
but at sea the only instruments yet available for 
ineasuriug angles and altitudes and loi determining 
local time were the astiolabes <ind various forms of 
quadrant which involved the necessity of looking in 
two directions at once It was not till about 1731 that 
Hadley introduced his quadrant, the iorerunner of the 
presemt sextant, in which by the use of a mirror the 
image of one object could be tliiown into coincidence 
with the other and the angle between them measured 
with accuracy 

In 1714, "Commissioners for the discovery of 
longitude at sea,'’ forming the Board of Longitude, 
were appointedwith power to expend money and award 
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pnzes Flamsteed died in 1719 and was succeeded by Halley, 
who in 1731 showed that it was impossible then to find the 
correct longitude by the Moon He hoped m a few years ±o 
compute the Moon’s position withm two mmutes of time, 
from which he thought longitude could be found within sixty 
nautical miles at the equator and within forty-five miles in 
the English Channel 

In the meantime Newton was at work on his theories of 
motion and gravitation He had applied to Flamsteed, who 
was httle mterested in theory, for places and elements 
of planetary orbits with which to test his theory of 
gravitation Ultimately, m 1748, Mayer published his 
lunar tables based on the foundation laid by Newton 
During these seventy years we see theory and observation 
in co-operation, though by no means always on fnendly 

terms,m 
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VERGE ESCAPEMENT 
A small form of the verge shown on page 69b, 
adapted for pocket inslnunents 'Watches 
were all provided with this defective control 
until Robert Hooke invented the balance 
spring about 1G64 Watches with balance 
sprmg but retaining this ** verge escapement 
were in common use till the early Nmetecnth 
Century, and are said still to be made 
Harrison’s historic sea watch was made with 
an improved verge, the pallets bemg shaped 
so a«» to be nearly dead-beat 
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up the 
material 

It was eiqpected would aid the navigator 
Pnzes had been ofEered by the Board of Longi¬ 
tude for a method of determinmg longitude at 
sea £10,000 was to be awarded for a determina¬ 
tion within sixty miles, £15,000 within forty 
miles, and £20,000 if within thirty miles, and the 
test was to be made on a voyage of a ship to 
the West Indies and back Portable timepieces 
were contmually bemg improved and it was 
thought possible that if Greenwich time of sufh- 
aent accuracy could be earned on ships it would 
supply a better method of determining longitude 
than could be provided by lunar methods 
The improved escapements of Mudge and 
Le Roy had not yet been mvented, but the out¬ 
standing defect of watches at the time was the 
great variation of late with temperature John 
Hamson, a carpenter and watch repairer of 
Yorkshire, had been studymg a method of 
remedying this, both with pendulum clocks and 
watches, depending on the different expansions 
of two metals {see figure on page 700) He came 


Invented by Mudge, apprentice to Graham, about 1770, and 
now universallv used m good pocket watdxes, and in portable 
clocks, mcluding those of the cheapest descnplion The action 
of escape wheel and pallets is the same as with Graham’s 
dead-beat pendulum escapement {see lower fig page 697) in 
the figure the balance is moving to the right, qmle free and 
controlled only by the balance sprmg On its return the pm P 
will enter the notch of the lever S C, pushing it to the left, 
unlocking the tooth A which, sliding down the impulse slope 
of the pallet, will press the lever to the left, whiCh will then 
give a pu^ to the pm P, giving an impulse to the balance 
The ment of the escapement consists m the freedom of the 
balfuace, except about its neutral position 


to London and in 1735 submitted a machine 
embodymg this and other inventions, for the 
purpose of claiming the reward offered Halley 
gave him support, but the story is a long one of' 
Harrison's endeavours to obtam recognition of 
his watches by the authorities, and of the opposi¬ 
tion he met with fromNevil Maskelyne and others 
who were more interested m lunar distances as 
in their opinion the more promismg solution 
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Eventually, m 1761, one of his watches was taken to the West Indies and back, a voyage of five months, 
durmg which the accumulated error was 1 minute 54 5 seconds, corresponding to an error of longitude 
of eighteen miles at the latitude of Portsmouth, well within the limits laid down by the Board He 
obtamed the completion of his reward of £20,000 in 1773, three years only before his death (see figure 
on page 705) Fine watch and clock making was then making great progress in the hands of Harrison, 
Mudge, Earnshaw and Arnold in England, and of Berthoud, Le Roy and others m Pans The ship’s 
watch then took the name of chronometer ^ 

As Hainson s sea-watch which underwent this trial is the most famous that has ever been made 
a few words of description will not be 


out of place In the course of fifty 
years of trial, strenuous labour and 
patient thought given to improve¬ 
ments, this was the fourth he had 
made to embody his original ideas It 
contained the maintaining power in¬ 
vented by himself (see figure, page 
701), the well-known fusee for ren¬ 
dering the effective force of the spring 
constant and his compensation 
curb,’' perhajis the most important 
factor towards lendermg his instru¬ 
ment clficient This last consisted of 
a means of automatically altering the 
effective length of the balance spring 
with temperatuie A compound bai 
of brass and steel carrying the curb- 
pms which determined the effective 
length of the spring moved these pins 
with change of temperature, thereby 
compensating foi change of iigidity of 
the spring The escapement, which 
gave five ticks to the second, was the 
old verge and ciown wheel, but so 
greatly improved as to remove the 
grave defects of the old escapement 
The pallets, of diamond, were entirely 
altered m form so as to be nearly 
dead-beat The escapement, more¬ 
over, instead of being driven directly 
by the wheel-tram was driven by a 
spang remontoire which was rewound 
by the tram every seven and a half 



Tim Gim^NWICII CIIl^ONOGRAPIl 


The chum is driven by a weight and conlioUccl t)y the conical pcndulnm 
With each alternate beat of thestandaid sidereal clock the pen makes a kick, 
breaking the coiituimty of the helical line on the dium The tiavclhiig wire 
iniaonietcr in the eyepiece of the transit ciielc automaticaUy lecordfa the 
progress of a stai aeioss the nundiau by a kick of the some pen Ihc 
time of liaiibit can thus be read to about onc-liundredth of a second 


seconds Seven sets of holes were jewelled with rubies and diamond end-stoncs The instrument was 
enclosed in a detachable outer case of 5 2 inches in width and shaped like a pocket watch, and was not 
suspended m gimbals Harrison was awarded the Copley medal, the highest honour m the gift of the 
Royal Society He refused Fellowship of the Society in favour of his son William 

Nevil Maskelyne, on a voyage to St Helena in 1761 to observe the Transit of Venus, made use 
of Mayer’s tables of lunar distances, and measured altitudes by Hadley’s quadrant The longitudes 
he so found were within a little more than one degree He is quoted as saying that from this 
experience he could show that longitude could be found at sea from lunar observations by good 
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observers, within one and a half degrees of the truth He 
recommended this method to the Admiralty and afterwards, in 
1767, having in the meantime become the fifth Astronomer 
Royal, he issued the first Nautical Almanac containing tables of 
lunar distances These were published m every year’s issue 
until 1906, since which year they have been omitted as it was 
found they were seldom used by seamen The lunar distance 
method of finding Greenwich time and thence longitude was soon 
superseded as chronometers were perfected Though Harrison 
was the pioneer, and first showed that the problem of longitude 
could be solved by a marine timekeeper, the father of the 
modern chronometer was Pierre Le Roy, a French contemporary 
of Hamson Le Roy placed the means of temperature com¬ 
pensation in the balance itself, invented the detached escape¬ 
ment {see top figure on this page) and suspended his chronometers 
on gimbals m a box, all of which improvements have been 
continued to the present day Within thirty or forty years of the 
first publication of lunar distances in the Nautical Almanac 
chronometers were being made on a commercial scale by Arnold 
and Eamshaw showing contmually better performances, and the 
method of lunars went out of use Navigation is now dependent 
on the chronometer, one or more instruments being earned on 
every seagoing ship With the use of wireless time signals from 
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many stations around the world, ships’ chronometers can now 
be checked and rated at sea, and all difficulties in obtaining exact 
longitude are at an end Wireless signals also enable differences 
of longitude of observatories to be found with great accuracy, 
and are invaluable to travellers for learning their positions m 
remote or maccessible places 

Some consideration will now be given to the way in which 
mean time is determined day by day from the steady march of 
the stars across the sky The methods employed at the Royal 


Now used on all ships’ chionoinelers The 
balance staff C cames the impulse pallet 
D C The escape wheel A B is locked b> 
the detent G E As the balance letums 
m the direction of the arrow the escape 
wheel IS unlocked by the pallet M, the 
tooth at D engages with the impulse paUct 
D C, giving the balance a push and the 
detent G E falls back icady again to lock 
the escape wheel On the return of the 
balance the pallet M passes the light 
spring M K The balance is entirely free 
except when near its neutral position—the 
great merit of the escapement 


Observatory, Greenwich, will be taken as indicative of those followed at time-detei mining observatories 
generally 


The positions of the stars on the celestial sphere are recorded in an analogous way to tlic positions 

of places on the Earth’s surface The 
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ALTITUDES AT SEA 

The angle W' between the Sun or other heavenly body and the horizon is 
measured by a sextant In earlier days a cross-staff, an astrolabe, a quarter 
staff, a back staff, or a quadrant, was used for this purpose 


poles of the celestial sphere are the 
points at which the Earth’s axis 
would pierce the sphere if extended, 
and the equator is the great circle in 
the heavens in the plane of theEarth’s 
equator A star’s position is recorded 
by its dechnation or angular distance 
north or south ot the equator, and by 
its right ascension or distance east of 
the sprmg equinoctial point De¬ 
chnation then IS exactly analogous to 
latitude on the Earth, and right 
ascension is analogous to longitude 
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Ihe latter analogy is, incomplete in that right ascension is foi convenience usually reckoned in time— 
twenty-four hours to the 360”, and always in the same direction, viz , eastwards right round the sky 
rom 10 } or 0 i again Since, as already stated, sidereal time is zero when the spring equinox 
IS on the meridian of a place, it follows that the sidereal time is the R A (right ascension) of any star when 
this star crosses the meridian The tune given by the sidereal clock at the moment of transit of the 
meridian by a star should be the same as the R A of the star, the difference is the error of the clock 
Now, the stars generally do not mamtain their exact positions with regard to one another , each has 
Its proper motion ” (Latin fropmis. one’s own) In addition to changes due to this, the precession 
of the equinoctial point brings about a gradual change of R A of the stars Since the time when 
Charles II commanded Flamsteed, tlie first Astronomer Royal, to apply hunself with the most exact 
care and diligence to finding the places of the fixed stars, this has been an important part of the regular 



JOHN HARRISON’S SFA WATCH 
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work at the Royal Observatory In addition to more e\tensive observations for more general astro¬ 
nomical purposes, a selection of suitable stars, forming a list of “ clock stars," are contianally studied 
at Greenwich for their positions and proper motions for the special purpose of time determinations 
A list of such stars is given in the Nautical Almanac with their co-ordinates in R A and declination 
calculated for every tenth day of the year and from this list the R A , from which sidereal time is to be 
found, can be determined to a small fraction of a second at any time If then the moment at which one 
of these stars crossed the meridian at any place could he observed without error, the sidereal time could 
be learnt from one observation with approximately this degree of accuracy In practice observation 
IS subject to error, as we shall see 

The transit instrument, by which the moment at which a star crosses the meridian is observed, 
is a small telescope mounted so as to move accurately in the plane of the meridian Very special 
precautions have to be taken to ensure that the axis of movement is truly horizontal, to correct for 
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any error of coUimation, that is to say for any error of adjustment of the optical axis of the telescope 
at nght angles to the axis of movement, and to adjust this axis of movement in a truly east-west 
direction In the focal plane of the eyepiece of the telescope are generally one horizontal and five or 
seven equaUy qiaced vertical fine spider threads {see figure on page 709) For use at night some means 
are provided for throwmg a light upon these wires so that they may be visibly projected against the 
dark sky, or the wires may be made visible as dark obj ects by a general illumination of the field of view 
When adjustments have been made the telescope is set to the decimation of the star a few mmutes before 
the time of transit The star is then seen to enter the east or nght-hand side of the field of view and 
to cross each vertical wire in turn It is the observer’s business to note the time by the sidereal clock 
at which the star’s image is bisected by each wire The mean of these five or seven observations of 
time by the clock should give the R A of the star as given for that day in the Nautical Almanac 
If the observations have been correctly made, the difference is the error of the clock 

The instrument used at Greenwich for transit observations is the transit circle, so called because 
it IS provided on each side with a large vertical circle very accurately divided into degrees and 
sub-divisions for the purpose of taking the decimation of the star at the same time as its time of 

transit {see figure on page 708), and thereby of pursumg the ongmal purpose for which the Observatory' 
was estabhshed 

The sidereal time given by a properly adjusted transit instrument is the time for that particular 
longitude The time determined at Greenwidh is Greenwich time Greenwich time then is fixed by 
the spot at which the instrument is set up Halley, who succeeded Flamsteed as Astronomer Royal, 
erected the first transit instrument, a few years only after its invention by Roemer This was placed 
at the north-west comer of the Observatory enclosure, some yards west of the present Greenwich 
meridian When the mstrument was erected at its present position to the east by Airy in 1851, 
It could hardly have been thought that this spot was destined to deterimne permanently the prime 
meridian of the world, or that the time would come when all longitude and all would be 

reckoned from the position of 
the Greenwich tiansit circle, as 
IS the case to-day 

Transit observation made 
by the old “ eye and eai 
method consisted in listening to 
and counting the ticks of the 
clock and of estimating to one- 
tenth of a second the time of 
bisection of the star at each 
wire This is considcicd a 
rough method to-day, for it is 
dif&cult to estimate correctly 
the division of the interval 
between the ticks of the clock 
when the image as exactly bi¬ 
sected by the wire Different 
observers have their own per¬ 
sonal errors m trying to do this 
These personal errors are inves¬ 
tigated and a correction applied 

w* 115 ngiaiiy ana tends to slow the vibration To com- 4 .x. -u j. i- i i 

pensate for this, the balance inns are compound, of steel inside and brass outsiS observations of each ob- 

teed and the other fiee Increase of temperature Server called hlS "personal 

causes the free ends to bend inwards, tending to accelerate the vibration This -l >> tt ■» r ^ i i 

compensation is adjusted by shiftmg the two heavy waghts, one of which can be s^ equation Under favourable 

m the photograph Rate is adjusted by turning the two large nuts Circumstances a Single transit 



'f' 1 

From “ TJu Manm Chronomoierr by Commander Goul ] [By courtesy of J Potter, Esq, London 

MARINJS chronomejt:^r movement 

Note tte helical balance sprmg with its ends cuived inwards to obtam 
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obseivation by this old method would be 
considered good if it could be depended upon 
to an accuracy of one-quarter of a second 
About the year 1854 a new method of 
observation was introduced at Greenwich and 
became common at other observatories In¬ 
stead of the observer having to listen to the 
ticks of the clock, he had to watch the star and 
press an electric stud with his finger at the 
instant at which it appeared to him to be 
bisected by each wire m succession In an 
adjoining room is a chronograph, consisting of 
a cylindrical drum made to revolve with a 
smooth slow motion on its axis Around the 
drum IS fixed a sheet of white paper When a 
transit observation is to be taken, a pen is 
brought to bear upon the paper on the drum 
and IS made slowly to travel along the drum by 
means of a screw The combined effect of the 
rotation of the dium and of the transverse 
motion of the pen is that a helical line is drawn 
on the paper This pen is so connected by 
electric wires with the sidereal clock that with 
each alternate tick of the clock it is given a side¬ 
ways kick,bi caking thecontinuityof the line on 
the di um Tlie pen is also connected with the stud at the ti ansit circle and is given a similar kick when 
the stud IS pi essed In this way the instant of pressing with the observei’s finger w<is i egistercd on the 
chronograph alongside the marks made by the clock, and the two could be compared with an accuracy 
of about one hundredth of a second From a senes of such comparisons each day the error and rate 
of the clock was estimated day by day This method was a gieat improvement on the former eye and 
ear method, but was not free fiom incalculable personal error, for different people estimated the 
instant of bisection of the star differently and had different " reaction times ” between seeing the 
bisection with the eye and pressing the button with the hand Personal equation with this method 
was as much as one-quarter of a second, but was fairly constant Personal eiror was approximately 
eliminated when this equation was applied to the observations 

The method at piescnt in use was introduced at the Royal Observatoiy in 1016 and is intended 
to eliminate errors of personality A contrivance is attached to the eye-piece called the impersonal 
or the tiavelhng-wire micrometer A single vertical wire can be made to move across the field in 
the focal plane of the object-glass by the turnmg of a large button or screw head Tlic observer’s 
business is to follow the star across the field by turning the screw head, keeping the star’s image 
always bisected by the wire {sec figuie, page 709) The appaiatus itself, by making electric contacts, 
automatically records the progress of the wire on the chronogi aph’s drum Personal errors arc thei cby 
reduced to about one-tenth of their value with the method previously in use, diffei ent observers dilf ei ing 
by perhaps one-hundredth of a second 

The accuracy with which the time can now be deteimincd by observation of one star is of about 
0 05 second Every day that the sky permits, observations are taken of perhaps ten stars by day 
or by night, and the time deduced from the whole scries is of a greater accuracy than that from one, 
reaching about one-fiftieth of a second The daily routine includes observations for testing the 
telescope for errors of a/vimuth, of level, and of collimation, for though it is mounted on heavy piers 
with great refinement, including the counterpoising of the greater part of the weight of the instrument 



hrom Astronomy for All ”j [By permmwn of Messis ( as^ell & Co , Ltd 


MODimN SinPS» ClIRON-OMXma^ 

NaviKeilion depends absolutely on (*iecnwidi Mean Tinic being 
caiiietl by one oi moie ot these instiuments on tveiy sea-going 
vessel Fiom altitudes of the vSun oi othei heavenly body 
taken with a se\ttUit at the Cuenwieh Time given by the 
ehiononietei eoiiected foi its eiioi and latc, the position of the 
ship IS determined 
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THE TRANSIT CIRCLE, ROYAE OBSERVATORY, 
GREENWICH 

The instrument used foi determining the time by the tiansit of stars 
across the meridian The observ er is seen following the image of a 
star across the fiddof view and keeping it bisected by the travellmg 
vertical wire by turning the stud of the micrometer The latter 
automatically records dectncally on the chronogiaph C P is the 
finely graduated cirde for determining the declination of the star at 
the same observation 


to relieve the bearings of strain, there is 
movement from day to day and from season 
to season from the continual shifting of the 
subsoil on which the piers rest Corrections 
for the errors found daily have to be made 
to the observations No scientific man 
expects his instruments to record with per¬ 
fect accuracy, for nothing is perfect His 
aim IS rather to know with as much accuracy 
as possible the errors of his instruments and 
to be able to apply the proper correction, and 
then to know within what limit he can de¬ 
pend on the results The standard sidereal 
clock at Greenwich does not read the true 
sidereal time, it is always in error, but this 
is of no consequence The purpose of the 
time department of the observatory is to 
know two things about this clock, (1) its 
error, and (2) its rate Correction can then 
be applied to obtain the true time at any 
moment This standard sidereal clock is the 
one designed by the Astronomer Royal, Airy, 
about 1870 It has the detached escapement 
(similar to that of a chionometei) applied 
to a pendulum 

The standard time of the obseivatoiy is 
the time derived from this sidereal clock, but 
this IS of little use in civil life foi which mean 
solar time is needed, and it is part of the 
work of the Observatory to distribute this 
mean time For this put pose anothei clock 
is provided—the mean tunc clock This is 
subordinate to the sidereal clock and is rated 
and adjusted from it It has the Graham 
dead-beat escapement Owing to the fact 
that this clock is required to signal auto¬ 
matically the Greenwich Mean 1 ime over the 
telegraph wires to all parts of the country, it 
has to be put to the correct time every day 
The amounts by which it has to be corrected 
each day are so small—only fractions of a 
second—that special means have to be used 
The pendulum carries a permanent magnet 
that passes with its swings over the poles of a 
solenoid, that is, a coil of wire without core 
Every morning before ten o'clock the reading 
of the clock is compared with the true GMT 
(Greenwich Mean Time) as obtained by con¬ 
version from the sidereal time The error 
of the clock is then corrected by passing 
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a known tiiiiont thioiigli tlie solenoid for such a length ot time as will, as indgccl by past 
experience, cause the pendulum to gam or to lose the amount by which it is in error The clock is 
then ready to send its ten o’clock signal automatically over the telegraph wire At the correct 
instant the signal is sent to the General Post Office and from there the Postmaster-General is 
responsible foi distributing it to the principal post offices m the country over the ordinary telegraph 
wires Just before ttm these wires are held clear of other business and switched on to the time signal 
Circuit At one o clock also the mean time clock is corrected by the same process It sends out its 
signal at every other hour of day and night, but as special corrections arc only applied befoie ten 
and one the time given at other hours is not so dependable for accuracy, as the clock vill have 
accumulated some dtgrc'c of error 

A duplicate mean time clock has lately been set up In case the electiic contacts fail at any time 
—and they have done so in the past—it is only necessary to switch on to the duplicate All these 
clocks, together with some others of interest for comparison, are housed in a little room with double 
doors, the temperature in which is kept approximately constant by means of an electric thermostat 
arrangement 

When communication was slow between different parts of a country each town was accustomed to 
use its own local time As railway 
travelling becanu' more general 
this confusion of 1(k<i1 tinus was 
found to b(‘ inconvt ment Green¬ 
wich tinu‘ had long been used by 
seamen, as it w<is liert‘ that their 
chronometers wc‘ie cxiruTted and 
rated, but it was not until 1S80 
that the Liw was ]>asst'd making 
Gieenwich Mean Time the legal 
time of Gre«it Biitain In other 
countru‘s also the time of the 
capital town or of the clind obser¬ 
vatory came to lu‘ genenilly 
adopted as the legal lime of those 
countries In the mc<intnne Brit¬ 
ish ships were c<iirying (xu'enwich 
time all over th(‘ world and it 
became ((mv(‘nieiil for ships’ 
charts and niajis generally to be 
based, as reg<nds tlu‘ longitude shown, on the Greenwich meridian When the United Slates ot 
America came to consider the lixing of a standaid time for the whole Confederation, it was obviously 
impossible to adopt the same tunc across the whole continent, diffenng as it does in the extreme 
east and west by as raucli as foui hours of local time They therefore in 1883 initiated the zone system 
based on the (ireonwic h meridian The /ones, so-called, are stnps of country lunning north and south 
fifteen degrees of longitude m width In any two adjacent zones the standard time differs by one hour 
exactly, but all over the country the minutes shown by the clock aic the same as at Gieenwich From 
thisbegimung the zone system has gradually spread all over the Earth so that now with few evceptions 
the standard time at all places is Greenwich Mean Time, differing only by whole hours, or in exceptional 
cases by an odd number of half hours The limits of the zones do not always follow rigidly the lines of 
longitude, but aie bent for convenience in many places to follow coast lines and the frontiers ot States 
The only countries of importance that have not adopted this zone system based on the Greenwich 
meridian are Holland, Russia, Argentina and Mexico Thus gradually by a natural evolution the 
Greenwich meridian has become the basis of all time and all longitude 




SPIDI'U-THRnADS IN imUyD OU Tlir: TRANSIT INS'l RUWIvNl 

With tliL oldci mcthtxlfe of ob&civation ol titiiibils the tliicadfa "wcil aiiaiigcd as 
on the left As Iht star ciosscil the Iickl towaidh the left, the obsn\ ei eblimatcd 
the inluvdl between two tieks of the elnek when the star was bisected by each 
wiie 111 turn eye and eai ” iiiclliod) , oi he lacbsed an clectiic button iccoidnig 
on the chronograph at edch bisection (galvanic method) The held of the 
impelSonal mieromctei is shown on the iij^ht Ihe veitical wne ib made to 
travel with the star by the Uininig of a stud, and the instrument itsUt leeoids 
oil the thtoiujgiaph 
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The line of 
longitude at 180° 
cast and west of 
Greenwich i s 
called the Date 
Line To the 
west of this line 
the date — the 
day of the week 
and the day of 
the month — is 
one day in ad¬ 
vance of that to 
the east of the 
line The date 
changes abrupt¬ 
ly across the line, 
though the hour 
of day main¬ 
tains its con- 
tinuit}!^ To a 

world that uses the same calendar everywhere, the existence of such a Ime is mevitable By a fortunate 
hazard the prime meridian of Greenwich is so situated that this date hne on the opposite side of the 
Earth passes for nearly its whole length across the Pacific Ocean In the north it is somewhat diverted 
so as to pass through the Behring Straits and thereby avoids cutting across the extreme noith-east of 
Asia, and it threads its way somewhat irjegularly among the oceanic islands of the Pacific A ship 
travelling eastward across the Ime will pass through one day of the calendar twice, whereas one sailing 
westward will require to omit one day Paradoxical events are liable to occur in the neighbourhood of 
the Date Line A child born at noon on the 1 January, 1924, may have a twin younger brother born 
at 12 15 p m on the 31 December, 1923, if in the meantime his mother has crossed the line from the 
west Or again, a man may have been killed by an accident on the 30 June, whereas he was proved 
to have left one of the Pacific Islands on the 1 July of the same year m a boat for anothcT island farther 
east It is as well that such a Imc should not traverse an mhabited country 

For the last hundred years the testing of chronometers for the Navy has been included in the 
work of the Royal Observatory In the chronometer room is to be heard the buzzing of innumerable 
chronometers in process of having their rates tested under varying conditions of temperature 
Besides ovens for testing them under tropical conditions, a freezing chamber similar to that used 
on board ship for the preservation of meat is used to test for voyages m high latitudes 

Since 1833 a time-ball on one of the north towers of the Observatory has been dropped every day 
at one o'clock for the use of the shipping in the river below A time-ball is also released at Deal by 
the one o clock time-signal, and clocks at Portsmouth, Portland and Devonport are controlled by 
the ten o'clock signal and these clocks release time-balls for the use of the naval establishments 
The Westminster clock is rated from the Observatory An automatic signal is sent daily by the 
clock to the Observatory by which its error is observed It is of interest to know that this clock 
generally shows an error of less than one second and that one of three or more is very rare 

A few words must be devoted to the subject of wireless time-signals, now becoming of such great 
importance for the distribution of correct time These were instituted primarily for the assistance 
of navigation, to enable seamen to learn the errors of their chronometers In this connection it is 
curious to remark that no such time-signal has yet been instituted from Great Britain, considenng 
that such a large proportion of all shipping is owned and run by the British We make use of the 



ROYAI, OBSERVATORY, GREENWICH 

View of the Ob^^ervatory fiom the east Flamsteed House, built by Wren, is m the middle of the 
picture, with the Time Ball, since erected on the N B tower and recoidxng meteoiological mbtiumcnts 
on the loof The Greenwich Meridian ib dclcimuied by the site of the tiansit circle in the lowei buildmg 

on the Iclt of the incluie 
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signals of other countries, those from, the Eiffel Tower, Pans, and from Bordeaux, from Nauen, 
near Berlin , from Moscow, from Japan, from Annapolis, near Washington, from Honolulu in the 
bandwich Islands, and from other places These all give the Greenwich hour at different times of the 
day Several of these are picked up daily at the Royal Observatory and compared with Greenwich 
standard time by automatic registration with a syphon recorder 

An invitation was given some years ago by the French authorities to the Astronomer Royal and 
to the principal observatories of Europe to receive the Eiffel Tower time-signals, to compare them 
with their own time as observed, and to report the result of this comparison each day to Pans by 
post card The purpose of this invitation was that all the observatories should thus collaborate with 
a view to deducing from the many authorities a more accurate time than could be obtained from one 
o strvatory alone Such a method of collaboration would be of special value when any one 
observatory had been prevented by clouds from taking transits for a day or more No great result 
has as yet come from this scheme 

It IS a convenient feature of wireless time-signals that in general no coriection is necessary for 
the time the signals take to travel These electro-magnetic waves travel with the velocity of light, 
186,000 miles a second When a few years ago the longitude of Adelaide Observatory, Australia, 
was being determined, comparison with local time was made both at Adelaide and at Greenwich 
of rhythmic signals from Lyons, in France The allowance made for the time of passage of the signal 
to Adelaide was 0 04 second The time taken then between Pans, Berlin, or Moscow, can be 
neglected An allowance of 0 02 second is made at Greenwich when making comparison with 
Washington 

Time signals arc regularly picked up and recorded by observatories, and the times of the various 
authorities can be compared Dr R A Sampson, Astionomer Royal for Scotland, has lately collected 
some comparison figures and published the results He dealt with the times as determined by 
Greenwich, Berlin. Pans, Edmburgfi, Washinglon, and Uccle in Belgium Taking the mean of the 
six and then finding the differences of each in turn from this mean, he arrived at the results which 
are plotted on the chart below A study of this chart, bearing in mmd that the dots repiesent 
the means of seven days, will enable one to judge with what degree of accuracy time is determined 
at the several observatories Ihe discrepancies shown between the ditleient determinations and the 
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Bv psymis^ion of I 

AS DKXnilMINKD AT SIX OBSKRVAlORinS 

The tmie dcteminiations of the six: observatories were compared by daily wiiclcss time siji^iials Dr R A Stimnson took the 
mean of the six determinations as a basis and then found the difference between each and this basis and iilotted them m 
weekly averages on the above curves The scale on the left is lu tenths of seeondb 
B, Beihn, E, Edinburgh, G, Greenwich, P, Pans, U, Ueele (Belgium) , W Washington 
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mean,and between oneanother,arelargerthanwould havcbeenexpected,the fonnerreaclimK ^ ‘ 

on several occasions and the latter 0 3 and moie They take the form of (1) piononnced oscilhi 1 1 « oi, 
and ot [2) continuous drifts Dr Sampson m his discussion of the matter in his search for their oi if-'>” 
considers to what extent lateral refraction by the atmosphcie can account for tht'in and c oncliulc 11». < 1 

whether or not this may explain the oscillation it cannot account for the' drifts The* former may 1 ‘ i' *' 

to instrumental errors but the latter remains at present unexplained 


T 


CHAPTER XX 

THE AMATEUR AT WORK 

By Instructor Captain M A Ainslie, RN, BA, FRAS, FRMS 

HE Amateur who takes up practical observing, as distinct from the study of theory, niciy^ 
with one of two objects in view either he may regard his hobby as a means of obtain **** 

interesting form of relaxation from eveiyday cares and distractions, m which In* will 

find even the most iihhI**! 
“ star-gazingwoiuleriiilH* 
delightfully effective in, i * * 

speak, “taking him otit ^ 
himself,” and, for the tinii* I h itit 
at any rate, giving him ii a ♦tins 
and refreshing freedoim 
worries and petty troubli*’'^ , 
he may take up this tiuly iii 

atmg pursuit with tht^ \ it w t »l 
doing some really iiseitil \\ # *1 k 
and of advancing knowltnli,-* 
even in a small degiee. 11 ti« 
takes it up with tlu* fcniini 
object in view, he is tc* In 
congratulatc^d and encoiiiaKt *1 
by all possible means, ioi 1 1 < * \\ iII 
very likely, sooner oi lati*i% 
the class of serious woi , t ml 

m any cast‘ will gam iiothiuia I ait 
benefit and enjoynunt irtmi tlu 
contemplation of the Iitl 

works of the Creator , wliih* in 
him who embarks on s.t*i i« ni 
work, however humble in 
scope, the work itself, whic 1i wili 
grow more and more engjjrt 
as times goes on, will form tin 
best possible ( ncoimigi^eiii t tit 
and incentive It is for tli 
would-be serious worker that this chapter is primarily intended 

Many would-be workers m the vast field of Astronomy are, without doubt, deterred by an icUm I luit 
at the present day the great observatories, with their giant telescopes and their highly skilUnl .ttiil 
trained staffs—as well as, in many cases, their apparent command of boundless wealth for tin 

provision of new instruments-have left little for the Amateur to do, and it is perhaps true that at tin 



Pholo hy] jj Steavenson 

THE PlyKlADES 

This well known group, as seen by most unaided eyes, only consists of si\ or sevui 
stars The immense advantage of even a small telescope on such an object is well 
shown m this photograph, which represents its appearance in a “ finder ” of 
magnifying powei about eight diameters, or a prism binocular of about the same 

power 
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Photo hv\ \Df If // Stt,aieii<}on 

lllh ])C)ITB1,10 Lr^USTlvR 

IN PlvRSKUS 

a he bccuitilul double eluslei in l\nseus is 
a splendiel obieet in small leleset >pes It is 
heit shown at. it would be been in a thiee- 
ineh rtfiaelor with a niaRinhiuK powei 
ol about twenty-live dianieteib 


present time ccjtain branches of observation—for c\amp]e, 
star-charting by photography, deteimination of stellar parallaxes^ 
precision work on position of stars and, planets, and the elaborate 
statistical work required for the testing of the theories of stellar 
distribution advanced by the great intellects of the day—are 
best left to the great observatories and the professional workers 
generally, who are able to cope with such work But there are 
many branches of observation to which the professional does not 
spply himself to a great extent, and which are eminently suited 
to the amateur To take, perhaps, the most conspicuous case, 
a very great propoition (perhaps nearly the whole) of oui 
knowledge of the physical conditions of the Moon and Planets 
IS due to the work of amateurs, and the same may be said of 
Variable Stars , practically all that we know about Meteors is 
the result of patient nightly watches by amateur enthusiasts , 
even in the difhcult held of double-star observing, in which one 
would expect the giant telescopes to have appropriated the whole 
of the work, amateur observers are constantly sending m results 

of the highest precision and value And it may also be said that the professional astionomei, to 
whom a star IS very often only of interest when it has printed its image on a pliotogiajiliic plate, 
and who really hardly finds himself under the necessity of looking at the stars at all, is fa. less likely 

thtXii the aiTicXteiir to attain to a coniiiiehciisive 
acquaintance with the star-groups and const(‘llations, 
and, one might add, is apt to miss much of tlu^ pliMsuie 
chTivecl by the amateur fiom their contcmjilation 
This being so, let us proceed to the (onsideiation 
of tlu^ amateur’s equipnit^nt for his work Those who 
are endowed with a deep purse, unlimited leisure time, 
and abundance of space for the election ol conqilete 
observatories and powerful instrnments, may possibly 
find little in the ensuing pages that will be ol much 
use to them , their object is jather to show tlu‘ amateiu 
of modest means and op])ortunitus how best h(‘ may 
arm himself for the fray, and to indicatt^ what lu^eally 
must have, as clistnut from what may be consideied 
as luxurus 

To stait with, he must have a telescopic And ev(‘n 
this may be disputed, for a sui prising dmouiit may be 
done without optical aid the study of Auioja and ol 
the Zodiacal Light, of Variable Stars down to about 
the fourth magnitude, of Nova' soon aftei their appear¬ 
ance, of the details of Comets (if sufficiently hiight), ot 
the visibility of stars under varying conditions of 
atmosphere, twilight, and so on, and dining Solai or 
Lunar Eclipses, aie some of the ways in which the 
unaided eye may be usefully employed And, as 
Webb Celestial Objects for Common Ttdescojies,” 
6th ed , vol I, p 2) said many years ago, “ even 
diminutive glasses, if good, are not to be despised , 
they will show ^omcthin^ never se(m without them ” 



_ 

1“ Kuuujleagi ’ 

THU Rl.;v T W WJEBB 
The late Rev T W Webb (1807-1885) was a 
fdthci to all amateur astronomers ” His extremely 
valuable we>ik, “ Celestial Objects for Common 
Telescopes,” first publisheel m 1859, has passed 
through several editions, the last-—the Sixth- 
edited by the Rev T H Espin, havm^^ appeared m 
1917 It is still a vcidc mccum for the amateur, who 
should eertamly melude it in his astronomieal library 
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How true Webb’s remarks are may be realised by any possessor of a good pair of binoculars, 
whether “ prism ” or of the older form, if he wiU direct them to the Moon or Jupiter or brilliant con¬ 
stellations, such as Cygnus and Orion, or to groups like the Pleiades, Berenice’s Hair, and many others, 
when he will be astomshed at the immense gam m brilliancy and detail over what can be seen with the 
eye only When it is reabsed that with a good pnsm binocular (power six), many of the Lunar craters 
are to be seen, Jupiter shows a perceptible disc, and the satelhtes are clearly seen, and that it is ]ust 
possible, if the glasses are kept quite steady, to recognise the existence of Saturn’s ring, no more need 
be said to assure the reader that these small telescopes will at any rate do something On Comets, 
Variable Stars, and the larger nebulie and clusters, e g , those in Andromeda, Orion, and Perseus, these 
little glasses are really remarkably effective 

But such glimpses whet the appetite for more, and the original statement still holds good—the 
amateur must have a telescope We will now consider what sort of telescope he should obtain, and 
how it should be used 

Telescopes, as the reader probably knows, fall into two mam classes—^refractors and reflectors 
In the former, the image that is to be examined by the eyepiece is formed by a lens, composed of two 
or more pieces of glass, called the object-glass, or objective In the reflector, the same function is 
performed by a large mirror, slightly concave on its front surface, and having an extremely thin film 
of pure silver deposited on this front surface and highly polished 

REFRACTOR WITH HUT^HEN IAN EYEPIECE 



Here the paths of the mys of light from the e’sitreiue points of the object are shown, and it will be noticed that the field lens 
collects rays that would otherwise pass clear of the eyelens, and bends them inwards towards the axis At the banie time 
the introduction of the field lens somewhat reduces the magnifying power, as will be seen from the tigure Ihis, however, 
IS of no moment, as the eyelens can be made of somewhat shorter focal length to compensate 


Much has been said and written as to the relative merits and advantages of the two forms of tele¬ 
scope, and complete agreement on these points will probably never be reached, each class having its 
votaries and each class its detractors, but the matter may perhaps be summed up impartially as 
follows 

For occasional use, by those who do not wish to take up any branch of regular observation, and for 
the inspection of the brighter objects—such as Sun and Moon—^without special attention to minute 
detail, a small refractor has undeniable advantages If its aperture is not less than three inches, and 
still better if it is four inches, it will afford wonderfully beautiful views of Solar and Lunar features, 
of the brighter clusters and nebulae, and of the main features of the brighter planets Such an in¬ 
strument is always ready for use, and can be made portable, so that on a fine night it can quickly be 
carried out of doors and as quickly stowed away when done with Its grasp of light, however, will 
not be sufficient to deal properly with fine details or faint objects, although with a first-class lens— 
and no other sort is worth having—^much more may be seen after a little experience than might at 
first be thought possible Much useful work has been done, for example, on the planet Jupiter with 
instruments of three to four inches aperture, and with these small sizes the ever-present atmospheric 
disturbance, which is such an obstacle to the performance of larger telescopes, is of comparatively 
little moment The images of stars given by a refractor are generally better than those afforded 
by a reflector, and in the larger sizes very much better On the other hand, although the refractors 
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ot the present day arc styled achromatic, it is impossible, except by special and very expensive 
methods of construction, to render them perfectly free from the exhibition of a certain amount of 
false colour, which is liable to render any estimates of colour (e g , ot stars and planetary markings) 
of very doubtful value A refractor, however, it well made and caretully adjusted, will remain m 
adjustment, and the efficiency of the instrument is not so liable to suffer from inexperience or neglect 
as IS the case with the reflector 

On the other hand, the rt'flcctor, although in comparison with the refractor unwieldy and some¬ 
times troublesome, has very great advantages of its own It is very much less costly than a refractor 
of the same power , the mirror is ot one piece of glass only, which need not be the very expensive 
optical glass neccssaiy for an object-glass, and which only requires one surface to be worked In 
tact, a refractor is perhaps six or seven times as costly as a reflector of the same capacity 

Thus, if it is desired to obtain the most effective telescope possible for a given outlay, the reflector 
must of necessity be adopted, and for the amateur who desires an instrument with which he will 
be able to make observations of the hirer details of the Moon and Planets, there is no doubt that from 
this point of view the lellector is greatly to be preferred It is sometimes said that the reflector 
" breaks down on the Sun,” but this is very far from being the case, and, if used intelligently, it will 
afford exquisite views of solar detail in no way mfenor to those given by a refractor of similar aperture 


NrWTOMIAN ArFcfcrOO «ivitm >iuyt*MeNIAN CYCPICCt 



« •^tnslu 

ACriON OF NFWXONIAN ICFFryUCTOR WITH IIUXGIIIONIAN ICYFWliCIi 
The small Hat miuoi m the Newtonian lelketoi semis thcli(?ht horn the l.UKe speculum out to the side ol the 
tuhe beloie it euines to a focus Only the. lajs lioiu the lowest point ol the object aie lieic shown, mid it 
Will be sfcn Ihtil the Hat has to be of buOiucut bi/t to inUudt these lays In the the si/c ui the lUt 

iiuiioi au<l cyeiH(.e,L aie. coiisidciably evijufjiijeiiite d ioi eluuiiesb 


The great advantage ol a reflector, however, as far as concerns the images it affords, is that it is 
peitectly athromatic, the coloured fringes seen round bright objects in tlic refractor are con¬ 
spicuous by then absence, and in all observations of the colours of planetary markings and of stars, 
the reflector is beyond question tlu‘ hnal court of appeal 

An advantage of the reflectoi which is by no mi'ans to be overlooked is its much greater compact¬ 
ness A refractor, unless a specially short focal length is demanded -in which case the difficulties 
of construction, and consequent expense, are greatly increased—is rarely less m focal length than 
fourteen or fifteen times its apeiture , a reflectoi can be made of hrst-rate quality with a focal length 
not exceeding seven times the apertuic of the mirror It is possible, foi example, to turn out a good 
mirror of nine inches aperture and little over five feet focal length, a refractor of the same aperture 
would require a focal length of something like eleven feet It is perfectly possible to carry indoors 
and out-of-doors a reflector of nine inches aperture, in a wooden tube, and to place it on its stand and 
remove it therefrom without the least difficulty, a refractor of the same aperture would, of necessity, 
be a fixture on its stand, and would require a somewhat costly observatory for its shelter 

Another great advantage of the reflector—at least of the Newtonian form, which is almost univer¬ 
sally adopted—is that the eyepiece is much more conveniently situated, and that it is possible to 
arrange for the view to be horizontal or even downwards The advantage of this from the point of 
view of comfort, as compared with the stramed and uncomfortable attitudes necessary in order to 
observe with a retractor an object of any great altitude, is very real From experience with both 
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forms of telescope, the refractor wn-H ramsden eyepiece 

writer would say that an 
hour's observation with a 
reflector is less tiring than 
twenty minutes with a re¬ 
fractor Of course, it is 

true that large refractors, 4 tmsiu 

Qiirh iQarPfnhpfniTnrlin ACTION OF REFRACTING TEI<ESCOPn WITH R^MSDKN EYEPIbCF 

In the Ramsdin eyepiece the fidd lens is placed beyond the focus of the object ^labb, 
nved observatories, are and its flat side turned away from the eye The lesult is a flatta lidd of view objats 
usually provided with appeal sharper than with the Hiiyghcnian ejepiccc 

Special observing chairs, on which the observer may recline at ease with his head supported in a con¬ 
venient position at the eyepiece, but this adds considerably to the cost of the whole outfit, and for the 
ordinary amateur it must be looked on as a luxury On the other hand, a reflector of as much as twelve 
or thirteen inches aperture can be conveniently worked with a simple step-ladder to stand on 01 a 
large box to sit on, and the slow motions necessary for following an object can be arranged so as to be 
mampulated with the utmost comfort 

It must be admitted, however, that the views of celestial objects obtained with a reflector arc apt 
at times to be somewhat disappointing It often happens that on a hnlliant night, when oni 
would think that perfect views might be had, the image is boiling and unsteady owing to atmospliei 10 
disturbance—the crossing and recrossing, in the hne of sight, of innumerable curionts of unequally 
heated air On any given mght the refractor is far less liable to failure from such a cause 1 Ins 
is chiefly because the beam of light from the object-glass of a refractor passes only once tluough 
the tube , and the tube is closed at both ends, so that ihe air within it does not partake of the motion 
of the an outside In the reflector the tube is perforce open at its upper end, and the light has to pas*^ 
along it twice before amving at the eyepiece Hence a refractor of, say, eight inches aperture will on 
most nights give perceptibly better images—especially of stars—^than a reflector of the same aperture, 
and as it may be estimated that a reflector of about nme and a half inches aperture would be required, 
as a rule, to give the same hght-grasp as a refractor of eight inches, the reflector is in this respect at a 
still further disadvantage, since the efiect of atmospheric disturbance increases very lapidly with 
increasing aperture It would not be fair, of course—although this is frequently done by those who 
disparage the reflector—to compare the performance of a small refractor of about three to four indies 
aperture with that of a reflector of eight or ten inches Many nights occur on which the images would 




be perfeedy steady in the former and quite unsteady m the lattei , but 
no one would claim that the small refractor was a moi e oHec tive all-i ound 
instrument 

It has been said above that one of the advantages of the 1 etracloi is 
that it IS always ready for use The same cannot, unfortunately, be said 
of the reflector, for there is no doubt that the film of silver which foiins 
the actual reflecting surface is not by any means of a permanent naluie, 
though It wiU generally last, with care, for several months, or even toi 
two or three years At the same time, its renewal is not a diflicult 
matter, nor—especially if the observer does it for himself—a vcTy 
expensive one There are several good formulae published for llu* 
purpose, and no great skill is required to perform what is, in any case, .1 


THE SOIAR Di^GON^E Pretty chemical e\periment 


The mirrors, or " Specula," as they arc generally called, of rtfleeting 
telescopes cannot "be held m then mounts, or “ cells,” as firmly as the 
degrees vnth tie axis of the object-glassesof refractors, as the least Strain on the mirror, especially in 
0^ Sm’s S^a^h^t larger sizes, produces a imcroscopic amount of bending, which is quite 

to the eyepiece sufficient to destroy its performance Hence, one sometimes hears it 
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stated, iibua% by those who have no great experience of reflectors, that a rcfiectoi is constantly getting 
out of proper adjustment This is, however, hardly the case, at any rate if the cell of the mirror is 
properly designed Jhe writer has known an Sl-inch reftector remain in perfect adjustment 
for more than two years at a time, and even when the mirror, after that period, was taken out of the 
cell for re-silvenng, it went back into very nearly correct adj ustment when replaced, and only required a 
touch of the adj ustmg screws to put it right The very common statement that specula require constant 
attention to keep them m adjustment is, to say the least, an exaggeration At the same time, they 
do occasionally require attention, and later in this chapter will he found some directions for their 
adjustment 

As regards light-grasp, which governs the ability of the telescope to show faint stars or satellites, 
reflectors are somewhat inferior to refractors, especially if the silver film is not very fresh The light 
grasp of a 6|-mch reflector is certainly as great as that of a 5-inch refractor, even when the silver is 
not very fresh, probably a freshly silvered 6 J-inch mirror would be equal to a 5|-inch refractor m this 


GRE.GORIAN RfiFLLCTOR (WfTH HLiYCHCrllAM Cv^Picce ) 



respect, oi possibly rather siipeiior 1 he chief causes of loss of light in a refractor are by leflection from 
the four surfaces m the object-glass, and by absorption in the glass itself In the reflector light is lost 
y imp(ufect reflection at the two silver surfaces of the large speculum and of the small flat mirror 
w uch rc fleets the light out to the side of the tube Of these causes, the loss in the lefractor by reflection 
at the surfaces of the object-glass is practically constant at about 15 per cent The loss by absorption 
in the material of the object-glass is, in the case of small sizes, almost negligible 

When we come to very large apertures, however, the reflector more than holds its own m light- 
grasp, on account of the great absorption of light in the object-glass of the refractor and it is probable 
tiat the light of an 18-inch refractor is actually less than that of an average 18-inch reflector, and 
m still Idiger sizes the diflerence is even more marked 

All said and done, the amateur who takes up regular and serious obseivation in some definite 
branch of Astronomy will probably do well to obtain a reflector of about 8| inches aperture Such 
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an instrument, if of lirst-rate quality, will possess sufficient grasp of light and defining power 
to render visible much of the finer detail on Moon and Planets, indeed, it may be said that 
most of our present knowledge of these bodies is the result of patient and long-contmucd systematic 
observation with such apertures, and in the observation of these bodies the i effector seems to have 
done, on the whole, quite as well as the far more costly refractor Even a 6|-inch reflector will do 
well on planets, as is shown by the work of Mi A Stanley Williams, whose admirable observations 
of Jupiter, extending over many years, were done entuely with this aperture If the amatciu is 
prepared to face the slight extra difficulty in use due to the increased size, he may employ a 12-mch, 
but he must be prepared to encounter somewhat greater trouble from atmospheric disturbance, 
although on a good night there is a distinct advantage to be gained with increase of aperture 

Those who contemplate taking up observation merely as an occasional recreation, will be well 
advised to hmit themselves to a refractor of not less than three inches apeiture, while three and a half 
or four mches would be distinctly better Such an instrument is handy and may be made easily 
portable, while it is capable of affordmg excellent views of the heavenly bodies, even if it does not 
possess the necessary hght-grasp for faint objects On the Sun and Moon a small refractor is very 
effective , while to those who are suitably situated, its capacity on terrestrial objects is worth con¬ 
sideration 

Let us now turn to the various objects which the amateur will wish to observe, and—to place the 
most conspicuous object first—let us commence with the Sun First of all a warning is necessary 
The light and heat of the Sun are so great that it is never safe to attempt observation without proper 
safety appliances, many an amateur has permanently injured his eyesight by insufficient precautions 
A simple dark glass cap over the eyepiece is not sufficient with any aperture greatei than about 
two inches it will—especially if red in colour—be cracked by the intense heat concentrated by the 
object-glass, and with any aperture exceeding four or five inches, it may even be melted The appliance 
known as the '' Solar Diagonal " should always be adopted This consists of a plane surface of un- 

CASSEGRAIN REFLECTOR s. 



In this foim of leflectoi the lays from the speculum, which would foim the primary mverted image at its focus, aie uilciccpttd 
by a s mall convex muror and leturued. through a hole in the speculum to the eyepiece, where they foim an enlarged secondary 
image, still inverted For many years this form of reflector was considered inferior to the Gregoiian, but the prmciplc is now 
much employed m the giant reflectors m America and elsewhere Its great advantage is that the effective focal length can 
be ipade almost mdefinitdy great, while this telescope is the shortest and most compact of any Foi low powers, hov^ ever, 

the fidd of view is rather small 
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silveied glass, mounted at an 
angle ot 45°, so as to reflect 
the light out at right angles 
to the axis to the eyepiece , to 
avoid double images the re¬ 
flecting surface is usually one 
side of a prism of small angle, 
the other side of which reflects 
the light falling on it well clear 
ot the eyepiece Such an 
appliance reduces the light 
and heat to about one-six¬ 
teenth of their incident value, 
and even this will be too much 
for the eye, a dark glass cap 
must still be employed, except 
in very misty or foggy weath¬ 
er It IS well to have several 
dark glasses of difleient depth 
to allow for varying con¬ 
ditions, and these are much 
better if made of some neutral 
tint, red being wholly unsuit¬ 
able, though green and blue 



By couftc<^y oj] I Utss/s ( ooU^ IruugJUon & inifnms 


TUB WIRK MICROMIvlER 

Ihe piinciple of this miuomeicr has already been CNiplanicd on page 517 This 
luiibtiation shows the fiame cariying the wiics, with the screws for moving Ihciu, 
and the circle for measming “ angle of position ” 


are not bad Owing to the unsteady state of the air, almost always piesent when the Sun is shining 
brightly, a power of 90 or 100 is about the highest that can be used under ordinaly conditions, 
though occasionally this may be much exceeded, but it is very raie that anythmg over 200 is 
0 much service Other appliances, such as the Polarising Eyepiece,^' which depends for its action 
on the polarisation of light by two reflections, have been devised, and are somewhat costly, for 
ordinary purposes the “diagonal” above-mentioned is probably the best safeguard I will do no 
more than allude here to the possibility of observing, with a suitable spectioscopc hltod to oven a 
small refractor, the solar “ piommcnccs ” This will be found fully discussed elsewheie 

When the “Solar Diagonal" is used for dr.iwings of the det.uls of sun-spots, it should Ix' home m 
mind that since Ukto is only reflection of tlu^ light, the image seen by the eye will bi* leveised 
right-and-left (or ‘up-and-down”) as in a looking-glass To show the details in then coirect 
relative positions there must be an even number of reflections 


Under ordinary conditions, the air is too tremulous to allow of the useful employment, on the vSun, 
o an aperture of moic than about 5 inches , and those who wish to use an 8i-iiich rellectoi 
on the Sun will, as a rple, find it advisable to reduce the aperture by a stop, which may be 
cut out of black card or zinc, and fitted either over the end of the tube or over the speculum It over 
the end of the tube-which is probably the best place for the stop, as to a certain extent lessening 
the disturbance of the air in the tube—it is as well to have the outer surface of the slop painted white 
this will reflect a considerable amount of the Sun’s heat, and tend further to steady images Wliether 
a reflector or refractor is used, some form of shade attached to the telescope will be found a gicat 
advantage, especially in summer, and the larger it is the better, although in a high wind it is liable 
0 c^se some vibration of the instrument A light canvas screen on a wire frame, arranged to fit 
round the upper end of the tube, has proved very useful and conducive to the observer’s comfort 

This will obscure the view from the finder, but the Sun is so easily brought into the field of view that 
this IS of no moment 


Although 5 inches or so is, as a rule, the largest useful apeiture on the Sun, it occasionally happens 
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that much larger apertures may be of advantage , on a certain morning in May, the writer was able 
to use the Ml aperture of a nme-inch reflector, the air being quite still and very misty With this 
large aperture the delicate stippling of the Sun's surface was beautifully defined with powers even 
up to 500 diameters, and the minute details of the spots were wonderfully distinct This, however, 
must be regarded as altogether exceptional, although a still, misty morning, so long as the Sun's 
altitude is not less than about 20°, affords perhaps the best conditions for solar observation On 
such a morning the atmosphere has not had time to become unevenly heated, and the troublesome 
air-currents are at their minimum 

Another method of observing the Sun will be often found very convenient and effective If a 
telescope is directed to the Sun, and a sheet of white card held at a little distance from the eyepiece, 
an image of the Sun will be found projected on it, which may be rendered sharp and distinct by adjust¬ 
ing the eyepiece in the usual way An eyepiece of low power should be used, so that the whole of the 
Sun’s disc may be included in the field, and even some of the finer details of the spots may be well 
seen in this manner The magnification obtained in this way depends on the power of the eyepiece 
and on the distance of the screen from it, as a rough guide, it may be said that with an eyepiece 
which would normally give a power of fifty diameters, and a screen at twenty inches from the eye¬ 
piece, the image of the Sun will be about nine and a half inches m diameter It is advisable to have 
the screen well shaded, or the brilliancy of the image will be lost Webb (“ Celestial Obj ects,” I 30-7) 
remarks on this point “ Noble has found that plaster of pans, smoothed while wet on plate-glass, gives 
a most beautiful picture he fixes a disc of it inside the base of a pasteboard cone, blackened within, 
one foot long and six inches across the large end, the small end being opened so as to fit close on the 
eyepiece, with a hole m the side of the cone to look at the image ” 
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This method of ob¬ 
serving the Sun has, at 
any rate, the advan¬ 
tage that it IS avail¬ 
able for several per¬ 
sons at once, but it 
does not give (juitc the 
same view of minute 
detail as is to be ob¬ 
tained by direct vision 
It IS also as well to 
give a word of warn¬ 
ing the writer has 
found on more than 
one occasion that the 
eyepiece tended to be¬ 
come discoloured by 
the intense heat con¬ 
centrated on it If a 
5-inch telescope is di¬ 
rected to the vSun on a 
bright summer day, 
and a piece of paper 
held at the eyepiece, it 
IS at once ignited, and 
the observer will find 
that he can conve- 

mcntly light lus pipe m this way l Thus, if the piojcction method is much employed, it is as well to 
reserve an (ycpiecc for this purpose only 



\M A Amshi 

CtJRVn: OF Sn:PARATIN(i POWERS OP VARIOUS APICRriTRICS 
lliis curve shows the angular separation of the closest double stais that can be scpaiated bv 
object glasses oi spccuhi of various apertuies it is based on the formula ^5" 0/Aperture m 
inches I'his is pietty near to the tiuth for siais of moderate biightncss as seen in the telescope, 
but should be somewhat deei cased foi famtei stais, and inei eased for brighter 


Probably the chief use of this method, apart from obtaining general views of the number and size 
of the spots and faculac is that tV'ir position on the Sun may be obtained with considerable accuracy 
Discs may be obtained marked with the solar meridians and parallels for different times m tb' year 
if the image is received on one of these, the positions of spots may at once be recorded Seeing, however, 
that photographs of the whole solar disc arc daily taken at (ireenwich and other observatories^ it may 
be doubted whether the amateur will find it worth his while to make such observations 

Probably the amateur’s work on the Sun will lie in the direction of tlu^ observation and drawing 
of the finer details of spots It is true that photographs of these are taken m great numbers, but as 
a rule even the best photographs fall far short of good drawings in the amount of ddail shown, and 
there is plenty of work here for a good draughtsman The recording of the number and position of 
the prominenccb on the limb is also work suitable to the amateur possessing the necessary spectro¬ 
scopic appliances 

Coming now to the Moon, it may be said that although photography has furnished accurate d('- 
termmations of the position of the various features upon the lunar disc, it has by no means rendered 
eyc-observation obsolete Even the photographs taken with the Mount Wilson lOO-inch pi obably 
the finest lunar photographs that have as yet been obtained"-do not show all the detail capable of 
being seen by a practised eye with an cight-mch telescope The obseiver who follows the appearance 
of special craters or other features with the view of d^Tecting any instance of change during the lunar 
month, needs to make repeated and careful drawings of the finest details lus teh^scope is able to show 
For such a purpose visual observation is certainly more ctlicient than photogiapluc, and well within 
the resources of the amateur Long continued observation of the Moon, especially with low powers, 
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IS apt to be rather trying to the eyes, and to impair their efl&ciency on other famter objects, the 
benefit of one or two screens of neutral-tinted glass of various depths, to fit on the eyepiece, will soon 
be appreciated by the observer The possessor of even a small refractor wiU find much interest and 
enjoyment m studying and identifymg the general features of the lunar surface, as shown on a good 
map, while for eclipses, solar and lunar, a small refractor is probably the best instrument 

The planets offer a splendid field for amateur energy At the present time the amateur has this 
field of observation almost entirely to himself, for, with few exceptions, the planets are left alone by 





From^* Dncr%phvi and Practical Mtrommy» IjyG F Chamht.fs'l [By courtesy of The Clarendon Press 

‘ ENGI^ISH’’ EQUATORIAL REFRACTOR 
A modetate-sized refractor mounted on a typical ** English ” stand of the early yeais 
of last century a 6 is the polar axis , t the tdescope tube , h and % the piers on which 
the aM is earned , g is the declination circle, and x the slow motion m dedination 
/IS me <^de stowmg hour angle or right ascension, read by a vermer at m and dnveii 
by the by means of a tangent screw at n, the dotted Imes at the object glass 

end of the tube mdicate the position of the dew-cap The observer, who is using a 
m ao icter, is shown contrdllmg the tdescope m dedmation by means of the slow motion 

xYAciumy lb oesi 

Observed m twihght, so long as his altitude is sufficient—conditions not easily found—and Venus 

in daylight, since even m twilight her intense lustre renders the detection of delicate markings 
extremely difficult ” 

Mars, Jupiter, and Saturn are far more satisfactory objects for amateur research, and a 
telescope of fair aperture e g , a 6-inch refractor or an SJ-mch reflector—^is capable of much 


V akui- 

les, who have as mucli as 
they can do with other 
work But to be of any 
service to Astronomy, ob¬ 
servation of the planets 
must be systematic and 
carefully recorded occa¬ 
sional drawings or notes 
of some unfamiliar detail 
are not sufficient, though 
not without importance at 
times Most recent obser¬ 
vations of Mercury and 
Venus—both difficult plan¬ 
ets to observe satisfactor¬ 
ily, and often better seen 
with small telescopes— 
have been devoted to the 
endeavour to throw hght 
on the vexed question of 
their axial rotalion- 
penods Few definite 
markings have been seen 
on their surfaces, and 
these planets arc perhaps 
the most diffacult of any 
(with the exception of 
Uranus and Neptune) for 
the observer A fairly 
high power must be used, 
but not so high as to lose 
sufficient contrast Of 
course, steadmess of the 
atmosphere is all-impor¬ 
tant, though it IS not 
usually found m the day¬ 
time Mercury is best 
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useful work on these objects Mais usually exhibits his details 
best under a rather high power not less if possible than 300, 
although such a power demands fairly good atmospheric con¬ 
ditions Jupiter as a rule is best seen with rather lower powers, 
such as 200 or 250, although on occasion the atmosphere is 
sufficiently steady to admit of much higher powers being employed, 
350 or more Saturn, for some not easily explained reason, 
usually stands magnifying better than Jupiter but his disc is so 
much less luminous than those of either Mars or Jupiter that 
little IS gained by increase in power The surface markings of 
these planets have already been fully described m former chap¬ 
ters , all that need be said here is that the observer should 
take the utmost care not to let himself be biassed, in the 
objects he represents on his drawings, by any preconceived theory 
—and this is especially the case with Mars, on account of the 
great amount of controversy and discussion that has centicd 
around the famous and elusive so-called “ canals,” and largely 
the result of this unfortunate mistranslation of the It.ihan word 
canali used by their discoverer Schiaparelli In fact, it is most 
important, when observing and attempting to draw those planets, 
to represent only the details that are certainly visible and it 

niiist be mentioned 



Irom “ Dficfiptive and Practical 

i’itronomyf” by G F Chambers ] 
[Hy courtesy of 2 he Clarendon Press 



„ SlMPI4i FORM OF 

tlitii especially on drivino ci;ock 

Mars and Jupiter— I'liiHilluslialionof asimpledrmng 
1 clock shows very well the pijnciple 
many details have on winch the clock works The 
found their way moiion, winchlus to be continuous, 
j,, is contioiled by a governor similar 
from time to tunc steam engine 

into the drawings 

made with small telescopes, which are not to 
be seen with ically adequate instruments On 
Mars, the woik of the amateur will chiefly be 
the recordinf^ of changes in the relative brightness 
and colour of the markings, and of any variations 
m their outline, seasonal or otherwise The 
observer of Jupiter has a wide field open to him 
in the study of the ever-changing belts and 
zones, and in lecording the times of transit, 
ovei the centred mcndian of the disc, of bright 
and dark spots and other irregularities, with a 
view of determining the periods of axial rotation 
in different latitudes 

In this connection it may be as well to say a few 
words as to the system now adopted for the recording 
of the longitudes of Jupiter's spots, etc As has 
already been mentioned earlier in this book, the 
rotation periods of spots on the surface of Jupiter 
fall into two well-defined classes—long and short 
The equatorial regions of the planet perform one 
revolution on an average m 9h 50m 30s the rest 
of the planet's surface lags behind the equatorial 


COIv F F MARKWICK, CB, C B u: 

Col Markwick was for many years Diiector of the Variable 
Star Section of the British Astronomical Association, and 
the Memoirs of that section arc proof of the value of his 
services to Astronomy Most of his work has been done 
with an eight and a half inch altazimuth icflector 
Col Markwick has also been President of the BAA 
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regions to the extent of rather over five minutes, 
performing a rotation, on an average, m 
9h 65ni 40 6s These values, although they may 
differ from the rotation-periods of mdividual spots, 
are taken as standard, and two systems of longitude 
are based on them System I for the equatorial 
regions and System II for the rest of the 
disc 

The “ prime,“ or " zero,” meridians of these two 
systems are supposed to swing round the planet's 
axis uniformly, and the times at which they are on 
the central mendian of the disc are predicted in the 
Nautical Almanac, and m the annual “ Obseivcrs' 
Handbook " of the British Astronomical Association 
In addition, the longitude of the central meridian, or 
line from pole to pole bisecting the disc, on both 
systems is predicted for definite hours of Greenwich 
Mean Time daily throughout each apparition of the 
planet From these data the rotation period of any 
given spot IS easily determined for if two times 
of its transit over the cential meridian of the disc aie 
recorded at a sufficiently long interval, the 
longitude of the spot at the time of eithei obser¬ 
vation may be deduced from the predicted time of 
tiansit of the appropriate zero meridian (System I 
for equatorial, II for other spots) compared with 
the observed time of transit Any change of longitude in the interval between the two observations 
must be the lesult of a slight difference of the rotation period of the spot from the standard rotation 
period of the system adopted and a simple calculation will show what the rotation period must have 
been to produce the observed change of longitude 

Tables facilitating these calculations will be found in the publications mentioned, with the 
exception of the Nautical Almanac and it will generally be found easier and quicker to deduce 
the longitude of a spot by means of the tables giving the longitude of the central meridian for 
a specified GMT If the diffarencc between this GMT and the observed time of transit is 
taken, it may be, by means of the tables, at once converted into difierence of longitude this 
difference apphed to the predicted longitude of the central mendian gives at once the longitude 
of the spot at the time of observation 

The accurate determination of the time of transit of a given spot over the central meridian is a 
matter requiring some care if rehable results are to be obtamed Some few observers have obtained 
excellent results by means of the micrometer the distance of the spot from the limbs being measured 
from time to time, and the time of transit deduced Most observers, however, prefer to make careful 
estimates by eye only, and in this particular class of observation eye-estimation seems to give quite 
as accurate results as measurement 

The motion of Jupiter's spots in the neighbourhood of the central meridian of the disc is 
surprismgly rapid an interval of two minutes is sufficient to cause an alteration in the position 
of a spot in the disc quite obvious to an experienced eye and the method of simple eye-estimation 
has the advantage that many more transits can be observed on a given night than is the case with 
the micrometer method 

Observers of Jupiter will also find considerable interest in the variations of colour of the various 
belts and zones these should be carefully recorded, as it is quite possible that they may be periodic. 



THE '* PIIyl^R-AND CIAW ” STAND 
This illustration is luscitcd os a warning Ihe stand 
shown is about as mefhciaii as a stand could be The 
only Hung that can be said for it is that it looks neat and 
IS cheap, foi piactical woik its want of balance md 
stiffness of motion rendu it useless 
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and possibly dependent on the position of Jupiter in his orbit round the Sun In particular, the great 

belts bordering the equatorial zone on its northern and southern sides have of late years exhibited 

from time to time a marked display 

of strong red colour, often accurately 

described by the expression " fiery 

In such observations the reflector is 

unquestionably to be preferred to the 

The amateur who is in possession 
of a telescope of sufficient power will 
find it worth his while to examine 
closely the appearance of the discs 
and shadows of the satellites when in 
transit over the disc, and also the 
appearance of the discs of the satel- 
lites (especially the third and largest, 

Ganymede,) when clear of the planet 
Many irregularities have been noted 

in iccent years by Phillips, Steaven- / i\ 

son, and others, but it must be said IK 1m 1^ 

at once that such observations are //# \ 1 1 1 m 

only suited to instruments of con- IH'm 

sideiable aperture nothing smaller \ 1 

than an 8-inch aperture is of much #r 1 

use, except possibly to very keen and nil \ 1 11 mm 

Small telescopes—even the mod- * / 

est 3-inch -will, if of really first-iate ft 1^1 

quality, show much in connection / ft \1T|1 

with Jupitei that will interest the /iy 1111 

amateur With a 3-inch, the belts /ft llll 

are well seen, as well as the oblate ft \wl 

appearance of the disc and the ever- ft \ 1 | 

changing ariangement of the four ft 111 

brighter satellites, together with then /M \ 1| 

eclipses and occult<Ltions, and then m \11 

transits, and those of their shadows, m \% 

over the disc, will afford a never- m \1| \% 

ending source of pleasuie And it is M \w 

not beyond the capacity of such hm -TT™r™. ' \» 

small instruments to do really useful \w 

work the records of the Jupiter m 

Section of the British Astronomical _ _ - ' 

Association abound in valuable ob- Ih courtesy o]\ \Mcssn Cooh, Ixmghton & s%mim 


! il/t s sj-s C oaki, / i aughton 


servations, especially of the varying 
intensity of the belts, and even of 
some of their finer details, made 
with 3- and 4-inch refractors 

Saturn always presents a fasci¬ 
nating picture possibly the most 


SMAm, RIvFRAcrOR ON AnrAZIMUlH STAND, WIIH 
SlIvADYINCi^ RODS 

r his IS d very simple and eflieieiit stand fox a small icfiaetoi of fioni tliice 
to hveinehes apcrtuie Although no slow motions me piovidcd, a stai can 
be kept m the lield of view without dilfieulty, altei a little praetiee, with 
powers up to 150 The steadying rods, which, as will be seen, lengthen or 
shorten accouling to the position of the telescope, tend greatly to leduce 
vibration then lower ends can be pushed into holes m any of the thice 
legs of the stand, which is light and easily poi table 
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beautiful that the telescope has to show us The ring-s 3 rsteni, as well as Cassini’s mam division m the 
nng, IS well seen with a 3-mch, and even the inner, or “ crape ” ring, is not beyond the capacity of a 
4-mch under good conditions Of course the details of the rings are more readily made out when the 
nng is " well-opened ” Small instruments wiU also show the belts on the globe fairly well, and one or 
two of the satellites, Titan, the largest, is visible with almost any telescope, though the others are much 
famter Still, three or four of them are not beyond the reach of a 4-mch But for any serious work on 
this planet it is necessary to use much larger apertures to obtam really critical views, not less than 
eight mches, and larger if possible Encke’s division m the outer ring—not always to be seen at all with 
any telescope—has been seen with a 6-mch refractor or an S^mch reflector and for any study of the 
(sometimes anomalous) appearance of the shadow of the globe on the nngs, or of the visibihty of the 
globe through the crape rmg, large apertures are certainly reqiured, while when the ring is turned 



BycMrtssyof] [m, q cahtr 

lARGB REITWeCTOR ON Ca,OCK-DRIVEN EQUATORIAl, MOUNTING 
A typical “ German ” equatorial for large mstruments the tube rotates m a cradle, and has a 
door for the removal of the covei of the speculum 


edgewise t o t h e 
earth it disappears 
even in the largest 
instruments At its 
last disappearance 
in November 1920, 
it was totally in¬ 
visible to the pres¬ 
ent writer even in 
the Greenwich 28- 
mch refractor 
The possessor 
of an instrument oi 
adequate aperture 
will do well to 
watch the disc of 
Saturn closely for 
the appearance of 
any spots, blight 
or dark, by which 
the period of his 
axial rotation may 
be determined 
Such spots have 
been rarely seen, 
and the rotation 
pciiod IS in conse¬ 
quence somewhat 
uncertain 

Beautiful as the 
spectacle presented 
by Saturn undoubt¬ 
edly is, it must be 
admitted that 
there is a certain 
sameness " about 
his appearance 
that IS apt to grow 
somewhat monoto- 
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nous, and possibly for this 
reason the number of ob¬ 
servers who at the present 
day make a systematic 
study of this planet is 
small But it has been 
said that " nothing is so 
probable as the unex¬ 
pected," and this, if true 
at all, IS certainly true in 
Astronomy To stimulate 
observation of this planet, 
perhaps the writer may be 
permitted to refer to his 
totally unexpected good 
fortune, shared by Mr J 
Knight, of Rye, in wit¬ 
nessing the passage of a 
seventh-magnitude star 
behind the outer ring on 
9 February, 1917, the star 
being plainly seen thi ough 
the material of the ring - 
this being the first occa¬ 
sion on which such visual 
confirmation of the trans¬ 
parency of the outer ring 
(reciuired by theory) had 
been obtained Ihere is 
always the chance, to a 
systematic observer, that 
some important obsciva- 
tion may be obtained 
when least expect(xl, so 
that no object should b(‘ 
neglected merely bc‘c<iuse 
at first sight observations 
thereof seem hk(‘ly to be 
somewhat monotonous 
Uranus and Neptune 
may be seen with a small 


By cintrtisy of] [Mu^rs Cooke, Iroughton & S%mms 

SMAno AUXA/IMUril Kl^FRACTOR, WITH STEADYING RODS AND 
SlyOW MOTIONS 

All iinpiovcincnt on the sUiiul illustrated oil p 725 , the steadying rods are retained, and 
slow motions in altitude and <i/iinutli aie added, these being well designed to avoid 
vibiation Tins is a inost eflicient Xoim of alta/iinutli stand foi a small lefiactoi 


telescope, but although Uranus presents a veiy perceptible disc, and Neptune one which is not quite so 
perceptible, that is about all that can be done with apertuies less than about eight inches the present 
writer has seen the belts of Uranus with a 9-inch reflector, and very plainly with a 10-inch refractor 
Neither of these planets are really objects which greatly repay the trouble taken to look them up— 
especially Neptune—and little will probably be learnt as to their constitution until, as is much to 
be desired, one of the giant" telescopes is devoted to a systematic study of them In any case 
the highest power that the telescope is capable of giving will probably afford the best view, as the discs 
of these planets are so extremely small, 3 8 seconds of arc in the case of Uranus and 2 seconds in the 
case of Neptune 
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For the observation of Comets, low 
powers and large apertures are a neces¬ 
sity, except for large and conspicuous 
comets—of which there has been a re¬ 
markable dearth for many years—^which 
are best observed with small binoculars, 
or even by the unaided eye Those 
amateurs who make systematic search 
for new Comets need to be acquainted 
with the small nebulae which are scattered 
in profusion in various parts of the sky 
Comets at their first appearance look ]ust 
like faint nebulae, and only their motion 
together with knowledge of the nebulae 
will serve to differentiate them, though as 
the Comet nears the Sun and grows 
brighter, the ** celestial visitanttakes 
on, as a rule, a more typical aspect The 
details of Comets’ tails and appendages 
are so much better depicted by photo¬ 
graphy than by eye-observation that 
there is really little scope for the latter 
For the observation of Meteors, of 
course, no telescope is required The 
equipment of the observer of these bodies 
may be summed up almost in two words 
enthusiasm and patience Here, as m all 
branches of amateur observation, co-operation of observers is highly desirable for the determination 
of the “ real paths ” of Meteors it is essential The observer of Meteors cannot do better than become 
a member of the Section of the British Astronomical Association devoted to their study , the same may 
indeed be said of any other branch of amateur observation 

To turn now to the sidereal heavens, it may be said that the number of objects presented to the 
amateur’s gaze is somewhat staggering what useful work is there to do ? Probably the most promising 
field of work for the amateur of ordinary means and equipment is the study of variable stars, in which, 
mdeed, amateurs have done by far the greater part of the work The observations of the Variable 
Star Section of the BAA number several thousands already, and their number is added to by thousands 
yearly For this type of work almost any telescope, however, can be of service even a little binocular 
will do excellent work on the brighter variables, for which indeed it is better than a larger telescope 
Of course the famter the star to be observed, the larger must be the aperture employed, and probably 
it may be said that the most effective telescope of all, that can be obtained at a cost suited to most 
amateurs, is a reflector of about 8 J inches aperture To mention one name only, most of the extremely 
valuable work of Col E E Markwick on variables has been done with a reflector of this aperture, 
and much good work has been done with smaller instruments In the study of variable stars 
experience and knowledge of the sky count for a great deal, and it would take up too much space to 
give here any detailed rules for the observations of these objects Fortunately amateurs are in this 
matter very well looked after by the Variable Star Section of the British Astronomical Association, 
of which any intending observer of variables should most certainly become a member 

The measurement of double stars is rather beyond the amateur of moderate means, since the work 
is probably better done with a refractor than with a reflector, and refractors suitable for the purpose— 
not less than eight inches in aperture, and equatoriaUy mounted with driving clock and micrometer— 



THE OnD-FASHIONED EQUATORI^I, 

An Eighteentli Century instrument, showing the style adopted m those 
days An instrument of this description was intended for the precise 
deteimmation of positions of the heavenly bodies, and for this puriiose 
the cirdes (nowadays used only for setting the mstrument on an 
object) were made very large The equatorial has long been discarded 
for this purpose, precise determinations of position being now made 
with the “ transit circle ” 
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are e\tremely costly indeed £500 may easily be spent on an instrument of^SSSSBlfiP^e 
ossibly some of the more widely separated pairs may be measured with small instruments, say 
own to 4J inches, but it is open to doubt whether the accuracy of such measures is such as to 
render them of much value Few amateurs—though it must be said that there arc notable 
exceptions—have done much with the reflector in this branch of observation Reflectors as a rule are 

not so effective on stars with high powers as refractors, although m other branches of work they fully 
hold their own 

Now that such great advances have been made in our knowledge of Nebula; and Clusters by means 
0 photography, there is probably little left for the amateur to do on such objects, although from the 
<jest etic point of view it may be said that some of the brighter of these are exquisite objects even for 
small tcle:3Copcs But since no eye, even with the largest telescope in existence, will ever sec a tenth 
of the structure that is revealed in nebuLe by photography, there does not seem much scope for 
amateur energy 

Star-colours, and especially any variations they may suffer, present an interesting field for obser¬ 
vation , and here, as m all estimates of colour on any heavenly body, the reflector is beyond question 
etter than the refractor, and its indications much more trustworthy But mere estimates are of little 
use, and some system of comparison tints that can be easily referred to should certainly be adopted 
observers often differ to a surprising extent in the names they give to the colour of the same star, and 
such expressions as pale yellow,’’ " tawny,” flushed white,” and so on, may indicate the observer's 
impressions at the time of observation, but afford little information to others It is better, if some 
peculiar tint is to be recorded, to compare it to some well-known natural object— eg , “ sea-green,” 
claret, steel-blue,” etc , are better—-but beyond question colours should be compared with definite 
standards^ m the spectrum, and 

done on^o extensive a scale at p«>i»ar axis 

rather a waste of time for the ^ ;/,•! 

ordinary amateur to compete By comtesy of\ t V ^ " 

The same may be said, and DUTAn,s OF “ oijrman ” equaioriai, si'and 

nerbiTV! with pvpn erpa+pr ^ ^ “German” equatorial stand for a small rtfractoi, bhowms; the 

^ ^ various details Ihis stand is intended to be mounted cither on a nillar or on a triood 
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By courtesy of\ [Mc^sr<i W Wahon ir 

D}^TAII,S OF “GFRMAN” FQUAIOIIIAI, STAND 
A view of a typical “German” equatorial stand for a small refraetoi, showing the 
various details Ihis stand is intended to be mounted cither on a pillar or on a tripod 
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truth with regaid to the spectroscope It is true that with a smaU direct vision spectroscope 
apph^d to the eyepiece of a telescope of fair aperture (the Zollner forrn is perhaps the best) 
ve?y prettv views of the spectra of the bnghter stars may be had, and the various mam tj^cs 
ofTpectrum recognised, but for any advanced work-m which the camera has now comple ely 
superseded the eye-the mstruments are very costly and the skill required very great for effective 
work At the same time it is p®ssible sometimes that visual observations of the spectrum of a nova 
soon after its appearance may be of service to science, and the amateur might do worse than 
include some mexpensive form of star spectroscope m his equipment 

The beginner in astro- 

nnmira 1 nhQp.rvat 1 nn often 



By courtesy of] [Messrs Cooke, Troughton & Simms 

SMAnn EQUATORIAL REFRACTOR ON WOODEN TRIPOD, WITH 
DRIVING CLOCK 


finds a difficulty in deci¬ 
ding what magnifying 
power IS best to employ 
on a given object As a 
rule he is mclined to use 
much higher powers than 
are either necessary or ex¬ 
pedient A certain amount 
of light in the image is 
always required if the de¬ 
tails present are to be well 
seen, and although with a 
good telescope on a really 
good night the image of, 
say, Jupiter may remain 
sharp and clean-cut with 
quite high powers, it does 
not follow that these will 
really exhibit any more 
detail than can be well 
seen with lower powers 
A statement that has 
been copied from book to 
book IS to the effect that 
good telescopes will bear 
a power of 100 per inch of 
aperture, this, except per¬ 
haps on very exceptional 
occasions, is far beyond 
their capacity, and no 
amateur need be m any 
way disappointed with his 
instrument if on an ordin¬ 
ary night he finds that 
anything higher than 
about 30 to the inch gives 


^though a driving dock is not as a rule fitted to a portable stand of this description, there 
IS no doubt that it is a great convenience The stand illustrated most of the refinements 
of the large stands on iron pillars, but to obtain the full advantage of the dock and divided 
cirdes it would be necessary to adjust the polar axis carefully, so that the stand would 
really cease to be portable The dew-cap with its covermg flap may be noticed, as well 
as the screws for “ squarmg-on ” the object glass 


a poor View, no matter 
what the object For the 
resolution of close double 
stars the magnifying 
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power may occasionally be earned WBith advantage 
as far as oO or bO to the inch With such a 
power a good telescope will perform any resolution 
required down to the theoretical limit to be 
referred to later On the Moon and planets much 
lowei powers are desirable, though small telescopes 
Will stand a somewhat higher power, proportionally 
to their aperture, than large ones The following 
table e\hibits, for two selected apertures, the powers 
which will be most generally found useful with various 
classes of object, the apertures selected are faiily 
representative of those usually found in amateur 
hands 



^-inch 

?i\-tnch 


Refractor 

Reflector 

Comets 

30 

40 

NebuLe and clusters 

40 

60 

Variable stais 

40 

60 

Sun 

60 

100 

Moon and planets (gen- 
ei al VK^ws) 

80 

120 

Moon and planets (de¬ 
tails) 

100 to 180 

160 to 300 


(150 as an 

(240 as an 


avei age) 

avei age) 

Wide double stars 

100 

160 

Close 

200 to 250 

300 to 400 

I'amt companions to 
stars 

80 to 100 

120 to 160 

Occultations of stars by 
the Moon 

60 

100 

Lunar eclipses 

40 

40 


The above must only be taken as a lough guide 
observe!s differ to a considerable extent in. the 
powers they use, but the above will not be found fax 
wrong as a general lulc Occasionally the planets, 
especially Mars and Saturn, will bear higher powers 
than those above indicated the writer has found 
a power of 367 on a 9~inch reflector occasionally give 
excellent views of Jupiter, as well as the others, 
but in systematic observations of Jupiter extending 
over several years he has, with this apertiue, almost 



A vciv convciuuil cuul cOicitni fonn of foi 

small mslumuiil, not cvcccdmg about foui and i half 
inches m apcituic The h.uidlc hanging down ojiLialcs 
the slow motion m houi angle, and the two handles 
attaehed to the tube aic one foi moving, and the othci 
foi elampmg, the telescope in dcelmation 


always used 270 on good nights, and 180 when the “ seeing ’’ was comparatively poor The writer’s 
drawings of Jupiter on pages 343 and 348 were all made with 270 on a 9-inch lenector, and they do 
not by any means claim to icpresent all the mlricate detail visible at the t'me 

High poweis suffer under a great disadvantage, quite apart from the dimness of image due to the 
dilution of the a-vailable light and the falling off of definition due to atmospheric disturbance and 
optical defects , any vibration of the telescope, due to unsteadiness of the stand or to wind, is much 
accentuated, and the observer who is not provided with a driving clock —a convenient luxury, but 
by no means an essential to good observation —will find the following of the object rendered difficult 
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by reason of the small field of view and the rapid motion of the object across it To quote Webb’s 
words (“ Celestial Objects,” I 16), “ the student Avill soon learn to reserve it ” (a very high power) 

for special objects and the finest 



By courtesy of] [Messrs Cooke, Troughton & Simms 

FIVFv-INCH “ PHOTO-VISUAn ” REFRACTOR, MOUNTED ON 
FIXED EQUATORIAL STAND, CLOCK DRIVEN 
In this instrument a plate-holder is shown in position, so that the telescope is 
converted into a camera Here agaij|i^he slow motions are brought to the eye 
end, and conveniently placed for the observer to control the following of the 
object to be photographed 


weather, when it will sometimes 
tell admirably He adds, very 
truly, " Experience in all these 
matters is the surest guide ” 

The reader may very possibly 
ask why, seeing that the magnify¬ 
ing power of a telescope depends 
on the focal lengths of object-glass 
(or mirror) and eyepiece—it is, in 
fact, the ratio of the two—it 
should not be possible to obtain 
any power desired In theory it is 
peifectly possible to do so—for 
example, a 4-inch object-glass 
might easily be made with a focal 
length of 10 feet, and an eyepiece 
could equally easily be made with 
focal length one-tenth of an inch 
This would give a magnifying 
power of 1,200 diameters All this 
IS perfectly true, but such a power 
would be quite useless on such 
an aperture Quite apart from 
the fact that the image of a planet 
with such a power would be ex¬ 
tremely faint and unsatisfactory, 
there is a definite limit to the 
power of an object-glass to render 
fine detail, or to show as separate 
the two components of a double 
star, which depends on its apertun* 
and on nothing else, quite apart 
from the optical quality it nia\ 
possess 

Without going into the mathe¬ 
matical reasons for the statement, 
it may be said that, in theory, 
luminous points, such as the com¬ 
ponents of a double star of average‘ 
brightness, can be separately seen 
with a telescope, if their apparent 
distance apart is not less than 

seconds divided by the aperture 
of the telescope in inches The 
celebrated observer W R Daw(*s 
put the limit, from actual trial, 
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somewhat lower His figure was 4 56 seconds, divided by the number of inches in the aperture But 
neither the theoretical nor the Dawes limit can be taken as exact, as the separation or otherwise depends 
on the diameter of the minute 


" spurious'' disc which is the tele¬ 
scopic image of a star, and this 
diameter, as seen by the eye, de¬ 
pends to a large extent on its bright¬ 
ness 

This " spurious disc " deserves a 
few words of explanation On the 
ordinary geometrical theoiy, in 
which light IS supposed to travel in 
straight lines, called rays/' the 
image of a mathematical point— 
% e , something having no size —will 
be a similar mathematical point 
This idea is convenient for tracing 
the path of rays of light through 
lenses, mirrors, and so on, but it is 
far from representing the actual 
facts On the now universally ac¬ 
cepted wave-theory of light, which 
has already been explained in 
Chapter I, the image of a mathe¬ 
matical point will be a somewhat 
complicated pattern consisting of <i 
central bright disc surrounded by 
alternate bright and dark rings due 
to diffraction, these bright iings 
growing fainter as their diametcT in¬ 
creases The diametcT of the first 
dark ring can be accurately com¬ 
puted, but th(' central disc has no 
well defined edge, its illumination 
falling off steadily liom the centie 
to the first dark nng It thus fol¬ 
lows that the diameter of the cen¬ 
tral disc, as setn by tiu eye, will 
depend upon the brightness of the 
luminous point—of the star, in fact 
—as well as on the aperture of the 
telescope In obtaining the theo¬ 
retical limit of 51 seconds divided 



by aperture m inches cjnoted above, 

the visible diameter of the central nviouru^yof\ 


disc was taken as half that of the 
first dark ring This is supposed to 


uian<AcroR on iuxivd i^quvioriat, si and, with 

DRlVINl. ClyOCK 

An mstiuniuil of moderate si/c well suited to *uncitcui iLquneiicuts, 


be for an “ average star ”_a rather intended to be. housed m a small obseivatoiy Scvcial iclmcnients aic here 

, ^ 1 J. 1 , mtrudneed, the slow motions being biou^dit down to the t ye end of the tube, 

loose expression—and the sepa- eledmation cnelc read by a binall teXseope (shown to the riufht ot the 

rating power of the telescope will be 
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rather greater on faint stars, on account of their smaller discs, while bright stars will be less easily 
separated, since for the separation of two equal stars, the centre-to-centre distance between their 
discs must be not greater than the diameter of either As a rule, it is only round very bright stars 
that more t^ari one diffraction ring can be seen, with faint stars no ring whatever is visible, except 
under exceptional conditions 

Perhaps we may say, to strike a fair average, that something between the “ theoretical ” and the 

" Dawes ” limit will represent the mean state of affairs, 
and we shall not be far wrong if we take the limit of 



MODERN DRIVING CEOCK FOR A TEEESCOPE 
OP MODERATE APERTURE 
A good example of present-day practice The clock is 
shomi on the shelf provided for it on the pillar of the 
stand, and it wih be seen that the “ governor ” is 
modified m detail, though itfe prmciple remains the 
same as in the earher forms The rate of the clock 
can be adjusted by means of the vertical screw 
shown on the left 


separating power of a given aperture as 5 seconds divided 
by aperture in inches, although it is only fair to say that 
many experienced observers place the limit somewhat 
lower , even lower than the Dawes " limit 

It thus follows that a 10-mch aperture should, if good, 
and under good conditions, ]ust separate two equal 
average stars at half a second separation, and that 
5 inches is the smallest aperture that will divide a double 
star of one second But these values, it must be remem¬ 
bered, are only averages, based on certain assumptions 
which may not be more than reasonable approximations, 
and the dividing power of a telescope is somewhat less on 
bright stars than on faint, owing to the larger discs given 
by the former As a practical instance, it may be men¬ 
tioned that the 9-inch reflector of the present writer has 
nicely separated the components of the star known as 
Andromedae(awell-known test), the magnitudes of which 
are and 6J-, and whose separation at the time was 
0 57 second This agrees pretty well with the formula 
for the dividing power of that aperture Owing to the 
difference m brightness of the components, the discs wtTo 
of perceptibly different sizes, so that the star looked, as a 
friend of the writer's remarked, like a nice little blue 
loaf of bread " 

Although in the above the ability of a telescope to 
show two adjacent stars as separated has been considered, 
it must not be thought that it is not possible to recognise 
the double nature of a star at separations well below the 
limit given by the formula On a really good night, and 
with a first-rate telescope, it is often possible to see two 
stars individually, even though not completely sepa¬ 
rated , their “ spurious discs " may overlap to a con¬ 
siderable extent, and may even only betray their separate 
presence by a slight “ notching " or even by a slight 
elongation of the normally circular disc It is recorded 
of the celebrated double star observer, the late Professor 
S W Burnham, that with a six-inch refractor—the 
dividing power of which would be of the order of about 


0 8 second—^he was able to detect the double nature of 


pairs whose separation was as small as 0 4 second, by the peculiar appearance of their images 
But such observations require not only a first-rate night and instrument, but a very keen and 
experienced eye 
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The above observations apply, muiatis muiandiSy to the limits of the power of a telescope to lender 
visible any fine detail, for the image of an extended object—such as the disc of a planet—is formed 
by the integrated effect of the spurious discs of every point in the object Hence, increase in magnify¬ 
ing power, unless accompanied by increase in defining—that is, resolving—power, is of little service , 
It merely results in giving, as it were, a coarser texture to the image, and in rendering hazy and ill- 
defined the details which are seen sharply and clearly with a lower power 

A telescope, to be effective for astronomical observation, must be pioperly mounted, and^much 
ingenuity has been devoted to the design of stands Evidently, in order that the telescope may be 
directed to any part of the sky, it is necessary that it should have two motions, about axes at right 
angles (or nearly so) to one another Now, there arc two ways in which these axes may be placed, 
one, which is genr'rally known as the '' Altazimuth '' method, employs a vertical axis, to which is 
attached at right angles, and 
therefore horizontal, another axis 
carrying the telescope This is a 
simple and useful way of mount¬ 
ing a telescope, and if well 
designed, allows of easy manipu¬ 
lation of the instrument The 
other method, which is called the 

Equatorial," or sometimes, m 
old books, the " Parallactic," is 
a natural development fiom the 
Altazimuth 

Consider for a few moments 
the apparent motions of the stars 
in the sky If the observer will 
watch for a shoit time on a clear 
night, he will notice that the sky, 
as a whole, seems to rotate round 
a point which lemains fixed 
this point IS where the earth's 
axis, if produced, would cut the 
celestial sphere- assuming this 
for the moment to be a solid 
material sphere at a very great 
distance from the observer A 
little thought will show that this 
IS so, since the apparent diurnal 
motion ot the celestial sphere 
from cast to west is due to the 
rotation of the Earth on its axis 



l<rmn^^Dt,s(,nptiVL and PracthL.al l^ltonomy,” by (r I* ( hamhtr^ \ 

j/^V tourttsy of Ihi (lunudon Pusi 

TIU^ “ PAKAI^vACTlC JyADDU^R ” 

This quaint old chawing shows a simple foini of “ English” cqualoiial applied 
to tliL mounting of a small icfi<ictoi Tins method of mounting, liowLva, is not 
vciy well suited to lefiactois, since the vciy long polai avis (the. mehnecl fiame 
on whieh the telescope is caiiicd) tends to vibiation 


fiom west to east, and therefore must be peiformed about the saint‘ axis Hie northcin exti(unity of 
this axis, called the North Celestial Pole, is situated at an elevation above the horizon equal to the 
latitude of the obseiver, and is marked by a bright star (the Pole Star, Polaris) which is distant rather 
more than a degree from the true Pole This applies to the position ot an observei in the noitheiii 
hemisphere , if he is in the southern hemisphere, the South Pole of the sphere is similarly elevated, and 
appears to be the centre of rotation There is, however, no conspicuous star mai king the South Pole 
A little consideration will now show that since the heavenly bodies, in the mam, retain their 
relative positions, they will also remain at an unvarying angular distance fi om the Pole This is almost 
exactly true for the stars, and since the Sun and planets only change their positions at a rate very 
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small compared to that of the diurnal rotation, it is approxi¬ 
mately true of them also—even of the Moon, although the 
alteration of her position in the course of a night is very 
evident 

If, then, we take the vertical axis of the Altazimuth stand, 
and place it so that it is parallel to the Earth’s axis, and 
therefore pointing to the Pole, it will be found that when we 
have a star in the field of view of our telescope, the axis which 
was formerly horizontal will not need to bejotated in order 
to follow the star, for if the telescope is kept at a constant 
angle with the other axis, its motion will ]ust suit that of the 
star, which can therefore be kept m the field of view by 
rotatmg this axis only The axis which was formerly vertical 
IS now elevated to an altitude equal to the latitude of the 
observer, and is now called the “ Polar Axis ” , the axis which 
was formerly horizontal, but which is still at right angles to 
the Polar Axis, is now called the Declination Axis,” for if 
we attach to it a circle divided m degrees, minutes, etc , we 
can measure the ” declination ” (that is, the angular distance 
north or south of the Celestial Equator) of any object to which 
the telescope is directed Similarly, a divided circle attached 
to the Polar Axis, and rotating with it, may be used to determine the “ Hour Angle ” through which 
the telescope has to be swung round from the meridian in order that the telescope may be directed to 
the object 

All objects in the heavens have their position fixed by two angles, analogous to latitude and longi¬ 
tude on the Earth That which has just been called “ Declination ” evidently corresponds to latitude, 
and the other, called “ Right Ascension,” corresponds to longitude on the Earth, and is measured, 

like longitude on the Earth, from a fixed point on the 
Equator, which m the celestial case is one of the two 
intersections of the Sun’s path (the Ecliptic ”) with the 
Celestial Equator, and is called the ” First Point ot Aries ” 
We see, then, one great advantage of the Equatorial 
form of stand, in that if we know the Right Ascension 
and Dechnation of an object—and these may always be 
obtained from catalogues or almanacs —we can, by a 
simple calculation and the help of a clock showing sidereal 
time, obtain the hour angle the telescope may be set 
by means of the divided circles to the hour angle and 
declination, and if the Polar Axis is well adjusted, the 
object will be found in the field of view The advantage 
of being able to find with certainty a bright object—such 
as Mercury or Venus—the daytime is obvious 

But even if the stand is not fitted with divided circles, 
the single motion required with the equatorial stand is a 
great advantage, for since the rotation of the celestial 
sphere takes place at a constant speed, its motion maybe 
exactly imitated, and the telescope kept directed to a 
star, by causing the Polar Axis to rotate continuously at 
the same rate, this may be easily done by means of a 
“driving clock,” which, however—since the motion has 


MR W F DENNING 
Mr Denning’s observations of planets and 
meteors eam^ for him the gold medal of the Royal 
Astronomical Society For many years he has 
observed with a ten-mch reflector on an altazunuth 
stand, kept m t_e open air 



Photo by] [W Jti bieavenson 


AN EIGHTEEN-INCH REFLECTOR ON A 
“ PARAEEACTIC LADDER” 

This eighteen inch reflector, (the speculum of 
which was made by the famous maker, 
G With), was bequeathed to the British 
Astronomical Association by the late N E 
Green, a well-known planetary observer (set 
page 305) It is now at the Rev TER 
Phillips’ Observatory at Headley, near Epsom 
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to be continuous—is usually controlled, not by a pendulum, but by some appliance very similar m 
construction and effect to the well-known “ governorof a steam-engine Thus, the observer is 
relieved of the trouble of following the star, and can concentrate his whole attention on his 
observations -For spectroscopic and photographic work, the going of the clock has to be very 
accurately uniform , and for such work, even the most accurate driving clock has usually to be 
supplemented by some form of additional control 

For ordinary work, which does not involve the use of the micrometer, spectroscope, or camera, 
a driving clock, though a great convenience, is by no means an absolute necessity if the telescope is 
fitted with good “ slow motions,'' it will be found that an object can be comfortably kept in view with¬ 
out any automatic help And this applies to both forms of stand , for after a little practice, the two 
motions required (m Altitude and Azimuth) for the Altazimuth stand, or the single motion (in hour 

angle) in the case of the Equatorial, become 
unconscious and automatic to an extent 
which would probably surprise those whose 
expeiience is limited to clock driving 
Certainly an immense amount of valuable 
work has been done by means of Altazimuth 
stands, and it may be questioned whether, 
apart from the possibility of finding an 
object by means of the circles, theie is any 
very marked advantage for the study of 
planetary markings, and most other pur¬ 
poses, in the equatorial mounting These 
slow motions usually take the form, either 
of endless screws actuating worm wheels, 
01 of ordinary screws and nuts, or of rack- 
woik they are a necessity if high powers 
are to be elhciently employed, and to be 
eJfective should be thoroughly good, suffi¬ 
ciently slow, and free from looseness and 
" backlash " In small equatorial stands of 
the present day, the slow motion in declina¬ 
tion IS often omitted, to the great detriment 
of their elficiency Whatever form they 
take, the handles actuating them should 
be conveniently placed for the hand, and the 
clamps for tin owing them in and out of 
gear should be easily accessible These 
points are here mentioned because they do not appear to receive at the jiresent day anything like 
the attention they deserve 

Even slow motions may be dispensed with if the powers to be employed are not very high With 
a small telescope—say a three- or four-inch refractor—it is quite possible, provided the instrument is 
properly balanced, so as to remain where it is put (as will be seen, a condition by no means always 
satisfied) to keep an object in view qmta easily, once the necessary delicacy of hand and touch has 
been acquired In the absence of slow motions, it is a great advantage to employ " steadying rods 
These arc made like the well-known telescopic toasting-fork,” and usually extend from the eye¬ 
piece end to some part of the stand they tend to enhance the stability of the instrument in a wind 
At one time the present writer employed a four-inch refractor so mounted (without slow motions) with 
great comfort, with powers up to 150 This form of mount, however, is hardly “ the last thing m 
efficiency ” 



By LOUfUsy of] [Mr G i alvtr 

mom AND A IIADF INCH RKFI^ECTOR ON IRON 
PIIXAR, WITH STOW MOTIONS 
The cicidlc m which the Ickbcopc tube lotaicb is hcic well shown, 
and the two handles (m tliib ease not biought to the eye end) 
controlling hour angle and deelinatioii A telescope similar to 
this was used by the writer loi some ycais, <ind pioved most 
eflicieiit and convenient It was kept m the open an without 
the least detriment to its cflieieney 
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We may now consider the various types of stand, of the two forms that are to be met with, and 
commence with the Altazimuth as being the simplest And here a word of warning is necessary at 
the outset A stand known as the ** Pillar-and-Claw " is still on sale in enormous numbers in the 
wmdows of many opticians' shops This stand consists of a brass folding tripod, a few inches high, 
supporting a brass pillar on which turns an outer tube (also of brass) with a compass joint at the 

upper end, to which the telescope 
is attached by two screws This 
stand is a survival from the early 
days of last century, and may be 
dismissed at once as thoroughly 
mefficient If the compass ]omt 
IS made to work easily enough to 
allow of the delicate movements 
necessary for the foUowmg of an 
object, the telescope, not bemg 
balanced, will not remain where 
it IS put, if the joint is screwed 
up so that the telescope is held 
steady by friction, then the 
motion IS far too stiff to allow 
of the proper following of an 
object with even a low power 
To compensate for want of 
balance, a rackwork slow motion 
in altitude is often fitted, between 
the piUar and the eyepiece end of 
the tube This is usually far too 
quick in action, and, if it works 
loose, IS worse than useless , and 
the application of the hand to 
the milled head by which it is 
actuated at once sets the whole 
mstrument in vibration A slow 
motion in Azimuth is sometimes 
(though comparatively rarely) 
fitted, consisting of an endless 
screw gearing with a far too 
small worm-wheel at the bottom 
of the pillar this usually, after 
a little use, develops considerable 
“ backlash " The pillar-and- 
claw" stand is apparently in¬ 
tended to be used on a table at 
an open window (a most unsuit¬ 
able place for observation), in 
which case it is hopelessly 
unsteady, and it is almost 
impossible to direct the telescope to an object anywhere near the zenith These stands are usually 
eautifuUy finished, and form, no doubt, elegant ornaments for the library of the dilettante , for 
practical astronomical work they are useless 



By courtesy cf\ 

EQUATORIAI, REFI^ECTOR ON IRON PII^EAR, "WITH SI<OW 
MOTIONS IN HOUR ANGEB AND DECXINATION 
This gives a very clear view of the vanous parts of the mounting and telescope 
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The simplest form of stand for refractors that can be recommended for practical observing consists 
of a strong wooden tripod, supporting a short vertical axis, on which the telescope is carefully balanced 
on trunnions, the tripod is usually made to close up for portability, and should be of sufficient height 
to enable the eyepiece to be comfortably reached when the telescope is pointed nearly to the zenith 
A tripod to carry a four-mch refractor may conveniently be not less than five and a half feet high 
to the trunnions, and six feet is usually better , the legs of the tripod should be connected, about half¬ 
way down, by means of three strong bars meeting in a ]oint immediately under the vertical axis To 
provide for slow motion in altitude, the vertical axis is sometimes prolonged downwards as far as the 
joint just mentioned, and connected by a rackwork arm (similar to that on the '' pillar-and claw to 
the eye-end of the tube This has the disadvantage, as before, of causing vibration, and, in addition, 
the arm will, in certain positions of the telescope, come in the way of the legs of the tripod, in which 
case the slow motion is useless And here it may at once be said that all slow-motion handles should 
be kept well away from the tube, if 
vibration is to be avoided With large and 
heavy instruments the slow motions are 
brought to the eye-end with advantage, 
but for small, light instruments, any slow- 
motion handle connected to the tube is a 
fruitful cause of vibration 

tor reflectors, the Altazimuth stand 
follows much the same lines as for refrac¬ 
tors, except that since the eyepiece is 
now at the top of the tube, the tripod 
itself is much shorter, and the slow motions 
are modihed as requiied The tube of ti 
reflector is usually a much heavier aliair 
than that of a small refractor, and hence 
rather less liable to vibration , conse¬ 
quently the slow motion in altitude often 
fitted takes the form of a rod jointed to the 
upper end of the tube, and sliding in a 
socket attached to the stand, in which it 
may be clamped by a screw Slow motion 
IS obtained by means of a screw working 
in a nut at the upper end of this rod This, 
if well designed, doc^s not produce appreci¬ 
able vibration Thc^ slow motion in 
azimuth is obtained, as in the refractor, 
by means of a screw worked by a long 
handle attached to the screw by a Hooke's 
joint But the varieties of arrangement that arc to be found in the stands of reflectors arc almost 
endless , this is, no doubt, because the construction of a reflector of even considerable aperture is 
well within the capacity of the amateur, if he possess some little manual skill and considerable patu'iice , 
and every amateur constructor of a reflector has his own ideas as to how it should be mounted, so 
that all sorts of “ makc-shifts," some of them very cflicient, are to be met with 

A door IS usually fitted to the tube of a reflector through which the cover of Ahe speculum is 
introduced or removed , this should be underneath the tube, not above it (as usually fitted) Anyone 
who has to replace Ihe cover in a shower of rain will appreciate this point 

The equatorial system of mounting a telescope, which is always used for the instruments in large 
observatories, has been made in various forms, but all of them have for their guiding principle the 


TJ^N-INCII lOQUAlOKlAn KICmKCTOR, WITH Sl,OW 
MOTIONS 

Several iclincmeuts arc hcie introduced, and the blow motions are 
brought to the eyepiece The door in the tube through which the 
cover for the speculum is introduced is shown at the lowci end of the 
tube, as well as one of the three screws by which the cell of the 
fapccuhim IS attached to the tube and adjusted to be at right angles 
with the axis 
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employment of two axes at right angles, one 
of which IS parallel to the Earth's axis, as 
already explained There are two mam 
types employed , the most obvious, but not 
that most used at the present day, is known 
as the English form , in this form the polar 
axis IS long, and is supported by two 
independent bearings at its ends, it usually 
takes the form of a rectangular frame with 
pivots at each end resting in the bearings, 
the telescope being balanced on trunnions at 
the sides of the frame, so as to swing in 
declination, the line joining these trunnions 
constituting the declination axis Notable 
examples of this form are the 28-inch 
refractor at Greenwich (page 315), and the 
great 100-inch reflector at Mount Wilson 
(the largest telescope in the world) (page 39) 
The English form, when well designed, is 
steady and convenient, but it is somewhat 
difficulL to arrange it so that the telescope 
may be easily directed to objects near the 
pole, and the two piers required to carry the 
bearing of the polar axis take up a good deal 
of room For these reasons this mounting 
in its original form is not much employed 
at the present time The so-called ** German " form of mounting, however, has practically superseded 
all others, and almost every telescope of large size is at the present day mounted in this manner 
In this form—first employed by Fraunhofer for the celebrated Dorpat refractor, of aperture nine 
and a half inches, with which Struve's great work on the measurement of double stars was earned 
out—the polar axis is short, and carried on a single tall pillar , its upper end projects, and across 
it is fixed the declination axis, which carries the telescope at one end and a counterpoise weight 
at the other , the polar axis can be adjusted in altitude and azimuth by means of appropriate 
screws 

The advantages of this form of mounting are very great In the first place, only one support for 
the polar axis is required, the space required is much less than in the English form , the telescope can 
be directed without difficulty to any part of the sky, and the eyepiece is always easily accessible, without 
any part of the stand coming in the way of the observer 

Notable examples of the German form of mounting are to be found in all the great observatories 
the Yerkes 40-inch (page 41) and the Lick 36-inch (page 623), both refractors, are perhaps the best 
known 

For the comparatively moderate apertures used by amateurs probably nothing will be found to 
surpass the German form This may, in the case of small refractois, be easily carried on a portable 
tripod instead of a pillar , but if a tripod is employed, the adjustments of the polar axis cannot, as a 
rule, be made very stable, and one of the advantages of the equatorial stand—^the possibility of finding 
an object by means of the divided circles—is to a great extent lost The main advantage of the 
equatorial, however—the following of the object by one motion only—remains, for this purpose the 
adjustment of the polar axis need not be particularly accurate 

If any form of equatorial mounting is employed for a reflector, the position of the eyepiece 
projectmg from the upper end of the tube at right angles—introduces complications , for unless care 



By courtesy of] ^ Calver 


TBN-INCH RBFnBCTOR ON BQUATORIAIy MOUNT 
WITH DRIVING C^OCK 

A very complete and efficient instrument The tube can be 
lotated in the cradle in which it is carried, so as to bring the eyepiece 
into the most convenient position, whatever the position of the 
object m the sky The driving clock is seen in front of the pillar, 
and the slow motions are brought conveniently to the hand 
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IS taken m the design ot the stand, the eyepiece will on occasion be found to take up very inconvenient 
positions In most equatorial stands for reflectors made at the present time, the whole tiibo is earned 
in a cradle attached to the declination a\is, so as to be free to rotate about its own axis , m this way 
it IS possible to bring the eyepiece to any desired position In larger instruments, say of eighteen or 
twenty inches aperture or more, the eyepiece and fiat mirror are mounted on a cylinder which can be 
rotated on the upper end of the main tube , either of these devices—especially the latter—is very liable 
to destroy the adjustmepts of the optical parts of the instrument, and the adjustment of the optical 
axis of the telescope with respect to the declination axis, hence the finding of an object by means 
of the circles is never so precise with a reflector as with a refractor If the position of the eye¬ 
piece is carefully thought out, it is possible to dispense with the lotatmg tube to a great extent, 
especially for the, observation of Moon and planets , but it must be admitted that it is a gieat 
convenience 

The above remarks apply, of course, to the Newtonian form of reflector, which at the present time' 
is that almost universally employed, reflectors of the Cassegrain and Gregorian forms, in which the 
eyepiece is at the lower end of the tube (as in a refractor) and the light reaches it through a hole in the 
large speculum, are, as far as their mounting is concerned, on a par with refi actors The Gregorian 
form was m the Eighteenth Century, and for some time after, largely employed, opticians being very 
successful with it, but it went out of use shortly after the coming of the achromatic refractor and the 
gieat development of the Newtonian telescope in the hands of Herschel Ihc Cassegrain form, in which 
the small concave mirror of the Gregorian is replaced by a conxex, is much used at the present time 
for spectroscopic and other work with the largest reflectors, which aic usually provided with several 
interchangeable mirrors for the puipose With this foim the eifective focal length of the telescope can 
be made almost indefinitely gieat, and that in a small compass, and now that exact methods of 
figuring the mirrors are known, which were not in the possession of the older opticians, who obtained 
their results almost entirely by “ rule-of-thumb,’’ it seems to the present writer that the Cassegrain 
form would well repay serious attention on the pait of amateur constructors As it is, the writer knows 
of no Cassegrain reflector of moderate aperture say 8 or 10 inches—in regulai use 

The amateui of limited means, to whom the purchase of an equatorial stand is a seiious matter, 
will find that by a little ingenuity he will be able to mount his leflector fairly conveniently by the 
adoption of a form of the English stand which has been sometime s called the Parallactic Ladder 
not that there is much 
of the ladder about it 
If a strong rectangular 
wooden frame is made, 
rather longer than the 
tube of the telescope, 
and wide enough to 
allow it to swing 
through, the tube may 
be earned on pivots on 
the sides of the frame, 
care being taken that 
it IS properly balanced, 
the frame itself forms 
the polar axis, and is 
earned on pivots at 
its ends The lower 
end is supported on a 
block resting on the 
ground, with some 



NUGATIVID SPHEiaCAU ABERRATION (UNDER CORRT.CaiON) 

An object-glass or speculum having this crroi brings the niaicmal rays to a sh(jrlci focus 
the central If a screen is held within the focus, the dise of light on it will lit biiglitcr <it the 
maigin than at the centre, eonveisely the opposite effeet—a bright eentie and darkei niaigin 
IS produced if the serecn is outside the focus This effect is seen in the eycjiiece when it is niove<l 
from the exact focus towaids or away from the objcet-glass An ciroi of this kind ib mheienl 
in lenses and mirrors with splitncal surfaces—Whence its miinc 
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Simple form of bearing , if nothing better is provided, a hole large enough to take the lower pivot 
miy be made m a block of hard wood, cut to the proper angle, and prevented by two or more spikes 
from shiftmg its position on the ground, while the upper pivot of the frame is carried by two strong 
struts, long enough to clear the telescope in any position of the latter, and pointed at their lower ends 
so as to take a firm hold of the ground The necessary adjustment of the altitude and azimuth 
of the polar axis may be obtamed by shifting these struts until an approximate adjustment is 
obtained, which may be done quite accurately enough for following an object with one motion only 
Slow motions, m this primitive form of mounting, are rather difficult to arrange for , but the telescope 
may be stea<iied in declination by a stretcher'' similar to that often found on windows , a rod sliding 
in a socket and fixed by a clamping screw If the telescope is really well balanced, this will be found a 
very effective mounting, though perhaps rather lacking in steadiness in a strong wind The same form 
of mounting might be used for small refractors, for which, indeed, it was originally suggested, but in 
that case the frame will have to be much longer, and it will not be easy to make it sufficiently stiff to 
avoid vibration 

It has already been said that one of the advantages of the equatorial form ot stand is that if it 
is properly adjusted so that the polar axis is accurately parallel to the axis of the Earth, and if the 
stand IS further provided with circles indicating declination and hour angle (or Right Ascension), 
it IS possible to direct the telescope with certainty to any desired object, whether visible or not to the 
unaided eye, and this m daytime as well as at night But it must be added that the condition just 
stated—of proper adjustment of the polar axis—^is, for this purpose, of very great importance 
Detailed instructions for the adjustment of an equatorial stand would take up too much space, and 
these can as a rule be obtamed from the maker of the telescope and stands vary in their arrangements 
to such an extent that general rules are of little use But if it is merely required of the stand that it 
shall be possible to follow an object in its diurnal course by one motion only, no very great accuracy 
IS required For the purpose mentioned, it is not necessary to employ divided circles, as it is 
generally possible to find an object by the help of a good star-map All that is really required is 
that the polar axis shall be reasonably close to its proper position—that it shall point somewhere 
near to the pole—and for practical purposes, especially with small telescopes, it is sufficient (in the 

northern hemisphere) 
0 point the polar axis 
as nearly as possible 
to the Pole Star— 
though this advice 
will not be of much 
assistance to observers 
south of the Equator 
It may be objected 
that the Pole Star is 
not exactly at the 
Pole but it is only 
about one and a 
quarter degrees from 
it, and it will be found 
that with the polar 
axis directed to the 
Pole Star it will be 
possible to follow an 
object for a consider¬ 
able time with the 
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POSITIVE SPHBRICAn ABERRATION (OVER CORRECTION) 

This IS the opposite error to that shown m the last figure, and the effects on a screen withm 
ana beyond the focus are reversed Spherical aberration in the case of object-glasses is 
corrected by the combination of two lenses of different glasses combmed with suitable 
calculations of their curvatures In the case of specula, the surface is made parabohe mstead 
of spherical If, in the case of an object-glass, the calculations are incorrect—or in the case 
of a speculum, if the surface is rendered hyperbohe—^the correction is earned too far, with the 

result shown 
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slow motion in hour angle only and 
if the object gets too far from the 
centre of the field, a touch of the slow 
motion in declination will set matters 
right 

Failing the Pole Star— which, even 
in the northern hemisphere, may, 
owing to local limitations not he visible 
from the position of the observer—the 
polar axis can first be set reasonably 
correct m azimuth by the help of a 
compass (allowance being, of course, 
made for the magnetic declination,'' 
or “ variation," by which the needle 
deviates from the true meridian), and 
Its altitude can then be adjusted to equal the latitude of the place of observation with the help of a 
piece of card cut to the proper angle, and a spirit-level or plumb-line On some stands a scale is 
provided showing the altitude of the polar axis, with spirit-levels for its adjustment but these are 
not really a necessity for ordinary purposes 

It will be found, as a rule, that it is easier to set the polar axis at the correct altitude than to set 
It in the meridian the following simple rule may be of service, it being assumed that the altitude 
of the polar axis is approximately correct 

Select a star and bring it into the centre of the field of view of a moderately high-powered eyepiece 
If the polar axis is not in the meridian, it will be necessary to move the slow motion in declination 
(in addition to that in hour angle) from time to time to keep it in the centre of the field Note in 
which direction the correction in declination has to be made, whether m the same name as the 
latitude—t e , to the north in the northern hemisphere, and to the south in the southern hemisphere— 
or in the reverse direction Then, 

If the correction m declination is of the mmo name as the latitude, the upper end of the 
polar axis is pointing too far to the Westward , 

If of opposite name, it points too far to the Eastward , 
and the polar axis may be shifted *in azimuth in the direction indicated, and a fresh trial made, one 
or two such trials will generally serve to put the polar axis in sufficiently close adjustment for most 
practical purposes In each trial, two or three stars in widely separated parts of the sky should be 
employed, the Moon, on account of its motion m declination, which is otten rapid, should not be 
used in this test 

The tube of a telescope, both as to material and design, deserves some consideration Small 
refractors, up to 4 or 5 inches aperture, arc usually provided with brass tubes, and at the present 
time It seems to be the idea of most makers of such telescopes that they aic intended to be looked at 
rather than looked through , lacquered brass looks very nice, but it is by no means the best thing from 
a practical point of view, zinc or iron, well painted, are much to be preferred Large refractors almost 
always have tubes of painted sheet iron, and it is difficult to see why small ones should not also The 
tubes of reflectors are usually of sheet iron, and if they are to bo used under cover, this material is 
probably the best, so long as it is well protected from rust, but for a reflector to be used in the open 
air, as is the case with a very large proportion of amateurs’ instruments, a wooden tube is much to be 
preferred, since the comparatively poor thermal conductivity of wood tends to keep the air in the interior 
of the tube at an even temperature, and the internal air-currents, which are sometimes very troublesome 
with an iron tube, are thus minimised The amateur constructor of a reflector will also find that a 
square wooden tube, besides being easy to make, affords great facility for the attachment of any 



c 

From “ Telescope Objeettves ^’] [By kind permtssion of Messrs Cookif 

Troughton & Si>mms 


n;XTRA*FOCAI, IMAGES (I) 

A—^Eccentric appearance of inteiferencc rings, due to the object-glass 
being out of adjustment B—^The focussed image of a star under the 

same conditions C—Focussed image, when the mal-adjustment is not 

great D—^Image close to focus, modeiate mal adjustment 
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additional apparatus that may be desired A wooden tube, however, to be efficient, must be well 
made, of good material, and not liable to become distorted by heat or moisture , its sides should not be 
less than five-eighths of an inch thick, and the corners should be bound with iron or strengthened in 
some way, the inside measurement should not be less than an inch greater than the diameter of the 
mirror, so as to keep any air-currents—which appear usually to keep close to the sides of the tube 
from mterfering with the rays of light as they pass down and up the tube The present writer has 
almost always found a 9-inch reflector in a wooden tube give steadier images than an 8J-inch in 
an iron tube, the two telescopes being both used in the open, and under identical conditions 
It must be admitted, however, that the adjustments of the mirrors are not quite so permanent in the 
wooden tube as in the iron, and a square tube obviously does not readily admit of being mounted so 
as to rotate about its axis in order to bring the eyepiece to a convenient position 

Another advantage of the wooden tube for a reflector should not be overlooked in such a tube 
it IS very seldom that the flat becomes dewed, whereas in an iron tube, if used in the open air, there 
IS frequent trouble from this cause The writer had for some years a 9-inch reflector in a wooden tube, 
standing side by side, in the open air, with an 8|-inch in an iron tube, the flat of the latter constantly 
gave trouble by dewing over, that of the former, hardly ever In any case the flat mirror should 
be mounted well within the tube not less than eight or ten inches from its upper end 

The reader will no doubt have gathered from what has been already said that for the purposes of 
astronomical observation—at any rate, with anything in the nature of high powers—the quality of 
the telescope is aU-important , and this depends chiefly on the quality of the object-glass, or mirror, 
though it must not be thought that the eyepiece is in this respect of no importance But it is fairly 
obvious that unless the image formed by object-glass or mirror is clean and sharply defined, no 
excellence in the eyepiece will make it so, nor will a clear view of the object be obtained It is there¬ 
fore as well to consider one or two simple tests by which the observer may satisfy himself as to the 
quality of his instrument, and there are no better tests for the quality of a telescope than those 
recommended by Mr H Dennis Taylor in his book, “Telescope Objectives'' (published by Messrs 
Cooke, Troughton & Simms) which will be found of the greatest interest and assistance to the observer 
The following directions are largely based on this work 

If the object-glass (and in what follows the term “ object-glass " may be taken to include mirrors) 
is really good, all rays of light proceeding from any point of the object will be brought together at the 
focus to form a mmute disc—generally known as the “ spurious disc"—which m the case of the 
average refractor should be racher less than a thousandth of an inch m diameter, and in the case of a 

reflector, which, as a rule, has 
a much shorter focal length 
compared to its aperture, not 
more than 1 /1600 or 1 /2000, 
or even smaller If the tele¬ 
scope IS directed to a moder¬ 
ately bright star—say of the 
fourth magnitude—and the 
atmosphere is steady and free 
from cross-currents, this disc 
should be plainly seen with a 
power of about thirty or forty 
to the inch of aperture, and 
it should come in and out of 
focus with a very slight move¬ 
ment of the eyepiece Bnght 
stars will show a somewhat 


A A B B' C 
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From “ Telescope Objectives ”] [By kmd permission of Messrs Cooke, Troughton & Simms 

EXTRA-FOCAn IMAGES (II) 

A, B, C, n, ajtid D' are out-of-focus sections of the cone of rays, seen when the object- 
glass IS “ squared on,’* but irrespective of other faults A', B', and D" show the 
focussed images correspondmg to A, B, and D D, D', and D", are also examples 

of astigmatism 
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larger disc and faint stars a smallci On a really 
first class night, this image should, he accurately 
circular, and free from “ wings ” and other stray 
light, except that at least one thin diffiaction 
ring ” should be seen around the disc accurately 
circular, and concentric with it In the case of 
bright stars, more than one ring may often be 
seen, while faint stars usually show no conspicuous 
ring at all, it being too faint to be detected, 
although present 

An object-glass, to perform properly, must be 
set accurately at right angles to the axis of the 
tube—which is usually expressed by saying that 
it must be “ squared on " If the glass is not 
properly squared on, the light from the star 
enters it obliquely, and the image is deformed 
from the concentric '' disc-and-rmg ” that it 
should be to an irregular image with a “ tail 
at one side, this is more evident when the image 
IS just out of focus To effect this adjustment, 
screws arc provided in all first-class instruments 
by which the cell of the object-glass can bo slightly 
tilted in any direction, these screws are often 
omitted in low-priced instruments, but are 
essential if good results arc to be obtained It 
will be found that an instrument known as 
Cheshire's squanng-on eyepiece is a great help in making this adjustment If tbe di^c is 
not circular, the object-glass (oi, very improbably, the eyepiece) suffers from what is known 
as astigmatism," m which case careful movement of the eyepiece in and out will show that 
in two positions the " disc " will take the form of a very short line Fhesc lines (called the 
focal lines ") will be at right angles to one another It must be remembered, however, that the 
same appearance will be produced by the small mirror in a Newtonian reflectoi, if it is not, as it should 
be, perfectly flat , and that the eye itself suffers from this defect much more often than is commonly 
supposed To locate the cause of the trouble, first of all the eyejiiece may be lotated in its tube , if, 
as IS improbable, the fault lies in the eyepiece, the direction of either line will ch^inge as it is rotated 
Then the observer should try moving his head so that liis eye rotates with respect to the eyepiece, 
when any astigmatism in the eye will be al once apparent by the movement of the focal line—and this 
latter test is much more sensitive with a low powcTcd eyepiece, on account of the greater diameter 
of the beam of light emerging from it If the eye and eyepiece are certainly not at fault, the defect 
IS due to the object-glass in the case of a refractor, or to one of the mirrors in a reflector do test 
this latter point, the mirror will have to be rotated in its " cell " (the metal i mg in which it is mounted) , 
if the focal line remains in the same direction, the “ flat " is at fault, if it moves, the large mirror (or 
" speculum ") is convicted The defect may be due to careless mounting Mirrors and object-glasses 
should never be mounted tightly in their cells, but should have a very slight shake," only just per¬ 
ceptible the slightest strain will affect the performance of an object-glass and rum that of a mirror 
In reflectors, the flat mirror is often at fault in this way a " pinched flat " is a very common cause of 
failure in definition 

If the defect of astigmatism is exhibited by flat mirror or eyepiece, it can be cured at a compaia- 
tively small expense, by substituting good ones for bad, but if it is due to object-glass or speculum, 
there is no cure A telescope thus affected may perform passably with low powers, but it will never 
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Sections close to the focus, showing astigmatism A within 
the focus, and B beyond it (or vice versa) 


A B 
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\liy kind perini^sion of Mtssfs C oof c, I loughlon & Swims 

f:xtra-focae images (iv) 


SphciiCtil abeiiation A, within the foetts , and B, beyond 
it Ihe interfeicnee lings glow famtei towards the centie 
in A, showing positive spheiieal aberiation—marginal rays 
focussing faithci fioin the olijeetive than the cential 
1^)1 ne'gative spherical abeiuition (focus shortest foi maiginal 
rays) the figuies should be levcised 
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exhibit close double stars, or the finer details of 
Moon and planets, as they ought to be seen, and it 
will prove a constant source of disappointment to 
the observer, and should be at once rejected 

Starting from the position of exact focus, as the 
eyepiece is moved mwards or outwards, the “ disc- 
and-ring will be seen to expand into a patch of 
light, which should be perfectly circular, and should 
have a fairly sharp margin and be nearly uniform in 
brightness over its entire area If this patch of 
hght is irregular in outline, or shows strong differ¬ 
ences in bnghtness at different points, the object- 
glass IS of bad material or badly worked In¬ 
equalities of refractive power, or “ striae,'' and lines 
of unequal density are probably present, though with 
the optical glass obtamable at the present day this 
will not often be the case to any serious extent, 
especially in small sizes The specula of reflectors 
suffer less from this cause, since the light does not 
pass through them, although any want of perfect 
annealing of the glass of which they are made, or 
any irregularities of temperature during the " figur¬ 
ing " process, will inevitably have a bad effect 
on their performance 

Further, the patch of light should be equally bnght and uniform whichever way the eyepiece is 
moved from the exact focus , if it is not—if there is an obvious difference in the appearance within 
and beyond the focus—the object-glass suffers from what is generally known as “ sphencal aberration,'* 
and does not brmg the central and margmal rays to the same point If the patch of light within the 
focus has a fairly sharp edge, but much more light in the margin than at the centre, while beyond the 
focus the edge is misty and ill-defined, the great preponderance of light being in the centre ; then the 
marginal rays are brought to a focus nearer to the object-glass than the central, and the object-glass 
is said to be under-corrected " if the appearances are reversed, it is " over-corrected," the marginal 
focus bemg now the longer Obviously an object-glass suffering from this defect cannot be expected 
to give a perfect image of a star, and this " spherical aberration," if pronounced, will make it impossible 
to get a really sharp image of any object whatever , this is especially the case with reflectors, on 
account of their comparatively short focus, which greatly accentuates the want of definition due to this 
defect When testing a reflector for this defect, it should be noted that owing to the presence of the 
small mirror in the centre of the beam of light incident on the mirror, the out-of-focus disc will show a 
central dark patch—this should be the same, or nearly so, whichever side of the focus is taken In 
fact, if we neglect colour, a good object-glass or mirror, when the image is put out of focus, should 
give no indication as to whether the patch of light seen is within the focus or beyond it 

In makmg the above test, a fairly high power eyepiece should be employed say, 30 or 40 to the 
inch of aperture Most eyepieces have some spherical aberration of their own, which is greater in 
the case of low powers For this reason an object-glass or speculum (especially the latter) which 
appears perfect with a moderately high power will usually exhibit a certain amount of under-correction 
with low powers For the observation of objects for which low powers are required this is of no great 
importance, but the correction should be as perfect as possible with high powers 

If the object-glass successfully passes this test, a still more searching one may be applied If the 
out-of-focus patch of light is carefully examined, it will be seen to consist of a central point of light 
with a series of extremely delicate rings surrounding it, the outermost ring being somewhat thicker 
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Slight residual spherical aberration Sections close to 
focus, central rings weak A, within, B, beyond, the 
focus 



EXTRA-FOCAE IMAGES (VI) 

A—“ Spurious disc,” or image of a star given by a perfect 
objective under very high magnify mg power B—^The 
focussed image sometimes given by a large object-glass 
when restmg on three pomts without intermediate supports 
to counteract the flexure due to the weight of the glass 
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and brighter than the rest These rings, like the ring or rings seen under good conditions around the 
spurious disc in locus, arc due to diffraction, or the mutual intcrfeicnce between the light-waves from 
the vaiious parts of the aperture of the object-glass on their way to the focus They afford a test 
of extraordinary delicacy as to the perfection of the “ spherical correction,'" and will indeed reveal 
defects which would be ovcilooked in any other method They are not, however, very easy to see 
just at first, and the eye requires a certain amount of education in order to see them easily and 
grasp their significance 

With most refractors it is best to commence by racking the e;yepiecc some way within the focus, 
and the rings are usually more easily seen through a piece of apple-green glass, which will remove any 
effects due to the outstanding secondary spectrum " to be described later If the spherical correc¬ 
tion of the object-glass is perfect, these rings will appear just the same within and beyond the focus 
If they are more easily seen within the focus, the glass is under-corrected , it more easily beyond the 
focus, over-coirccted Slight errors in correction may in this way be rendered evident which would 
escape notice in the method earlier described 

Further, by careful observation of these diffraction rings in the extra-focal image,” what is known 
as '' zonal aberiation ” may be detected An object-glass may, as a whole, give a very approximately 
accurate concentration of the rays of light to one point, but it is seldom, especially in large glasses, 
that certain ” zones ” of the aperture are not to be found which have a very slightly longer or shorter 
focal length than the rest If this defect is quite slight, the effect on the image is not serious, and many 
first-class object-glasses will be found to suffer slightly in this way , but for perfect performance every 
part of the object-glass must perform its work accuiately, and for critical work with high powers there 


is no doubt that perfect ” zonal ” correction 
greatly assists the formation of a perfect 
image 

If the ” extra-focal image ” is examined 
with a fairly high power -—say about 40 to 
the inch of aperture—any zonal aberration 
will make itself evident by a strengthening 
of one or more of the rings For example, 
if within the focus we hnd that a ring about 
half-way between the centre and margin 
of the system is brighter than the rest, tlu^ 
indication is that there is a zone of the 
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object-glass about half-way between tlu‘ 
centre and the margin, which brings th(‘ 
rays to a rather shorter focus than the 
rest of the lens , and m the “ extra-focal 


KXXRA-rOCAIy IMA(',KS (VII) 

All example of maikcd Zonal aberiation A /one of the object-glass 
about half way out has a longci focus than the rest, and between 
this and the margin there ib a in«ukcd /one of fahoit focus 
fA within, B beyond, focus) 


image "beyond the focus this zone will b(‘ 
manifest by a deficiency in the brightness 
of the coi responding ring If the appear¬ 
ances arc reversed —i e , if beyond the focus 
one of the rings is brighter than the rest— 
the indication is that the corresponding 
portion of the object-glass has a focal 
length somewhat longer than the rest 
This test IS extremely delicate, and com¬ 



paratively few object-glasses—even first- 
class ones—will be found which do not 
give some indication of such '' zones ” At 
the same time this effect ought not to be 


Ffom “ Telescope Objechves *’] 
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EXTRA-FOCAI^ IMAOFS (VIII) 

Another example of Zonal abnration The margin and centre 
of the object-glass have a longer focus than the icol (A within, 
B beyond ) 
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obtrusive An object-glass badly affected 
with this fault will—especially beyond the 
focus—show an extra focal image in which 
almost all the light is concentrated into one ^ 
or two bright and widely-spaced rings , such 
a lens will never give what may be called 
critical definition 

So far we have only considered faults 
in the object-glass of the nature of spherical 
or zonal aberration, without considering the 
question of colour If an object-glass of the 
ordinary type consisting of two lenses were 
perfectly achromatic,'' it would bring all 
the different colours of the spectrum to the same focus, and no image seen with such a glass would 
show any outstanding colour This is, of course, the case with a reflecting telescope, since the action 
of a mirror, however imperfect otherwise, is quite independent of the wave-length (2 e , the colour) of 
the light falling on it, reflectors are therefore perfectly achromatic, a fact which constitutes one of their 
greatest advantages It happens, however, that as yet no object-glass of the usual construction, with 
a convex lens of crown glass and a concave of flint, has been produced which does not exhibit a certain 

amount—often, especially m large sizes, a great 
deal—of colour around the images ot bright 
objects, due to outstanding light which cannot 
be made to come to the same focus as the rest 
This (at present) unavoidable defect is known as 
" secondary spectrum " With object-glasses of 
the common form, and with the optical glass at 
present available for their construction, it is not 
possible to combine more than two colours of the 
spectrum to the same focus , and these colours 
are usually chosen by the computer, so that light 
of the brightest portion of the spectrum—roughly 
that lying between yellow and green—is as far 
as possible concentrated at the focus, the light of the rest of the spectrum being perforce left to go 
its own way, and the result is that with the ordinary object-glass 
the bright rays come to a focus nearer to the object-glass than any 
others It thus happens that the other rays which have to be left 
out of the account combine with one another to foim coloured 
fnnges round the images formed by the brightest rays, and in the 
case of the image 6f an extended object—such as the disc of Jupiter 
—these “ vagabond colours ” are apt to dilute and modify, to a 
great extent, the natural colours of the object an explanation of 
the great superiority of the reflector in colour-observations 

These coloured fringes around the images of bright objects in 
focus are usually of a bluish hue If the image of a star of average 
colour is examined—and the Pole Star is excellent for this purpose 
—^the image withm the focus will present a reddish border, and 
outside the focus the border may be greenish But it may at once 
be said that what constitutes good colour correction " is to a very 
great extent a matter of mdmdual taste, and that neither observers 
nor opticians are agreed upon this point And it is also to be 
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A section of the cone of rays from 
a perfect object - glass, about a 
quarter of an inch from focus, with 
moderate pow^r 
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Sections of the cone of rays given by a perfect object-glass, 
taken very near the focus and on opposite sides of it, and 
viewed with a very high magnifying ixiwer 
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The general figure of the object glass is pretty good, bat a small regi<m 
in the centre has a longer focus than the rest (A within fccus, B 
beyond) 
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remarked that the colour correction of a given object-glass will vary very perceptibly, not 
only with the colour of the star on which it is tested, but also with the power of the eyepiece employed, 
and the type of that eyepiece The Huyghenian eyepiece is that most usually employed, and with 
such it may be said that if the colour correction appears satisfactory with an eyepiece giving a magnify¬ 
ing power of 40 times the aperture in inches, it will appear, with a very low power, noticeably inclined 
to under-corrcction,'’ ^ , to a certain amount of outstanding red All that can really be said is that 
with the eyepiece that is to be most commonly used—and this will, of course, depend on the class of 
observation contemplated—the unavoidable outstanding colour should not be so obtrusive as to affect 
seriously the accuracy of the results obtained As a general guide, however, we may take the Pole 
Star Its image in focus should present a colourless or perhaps yellowish white disc, with perhaps 
the faintest trace of blue round it, withm the focus, the expanded disc will be greenish white with a 
narrow reddish fringe , just beyond the focus a red centre will be seen, and farther out this will turn 
into blue, while if there is any coloured fringe at the margin it should be greenish But, as has just 
been said, no very hard and fast rules can be laid down 

It may here b(' mentioned that although it has not as yet been found possible to abolish the secondary 
spectrum completely in object-glasses of the usual construction, of two lenses, yet a great improvement 
can be made by the use of more than two, together with the use of glasses of the requisite optical 
qualiti(‘s The well-known “ Photo-visualobject-glasses of Messrs Cooke, Troughton & Simms are 
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A and B c xuinpkb of the effect of violent mechamcal strain, due to bad mounting or imperfect annealmg C—example 
of effect due to the presence of veins of unequal density in the material of the object glass 

<i case m point In these ob] ect-glasscs, it has been found possible, by the use of three lenses of speciaUy 
selected Jena glass, to reduce the secondary spectrum to a negligible amount, so that the colour 
concction of these glasses is practically as perfect as that of a reflector It must, however, be regret¬ 
fully added that these object-glasses arc of necessity extremely costly 

We may now turn to the consideration of the eyepiece of the telescope In its essence this is merely 
a simple muroscopc of vaiying power applied to view and magnify the image formed by the object- 
glass or mirror, an<l it need not, in its simplest form, be more than a simple convex lens of the requisite 
jiower, in fact, such simple lenses arc recommended by some experienced observers as giving more 
light and better definition than any of the moic complicated forms But it will be found that a simple 
lens has the great disadvantage that it will only give a good image at, or very near to, the centre of 
the held of vk'w , and for low powers this renders it quite unsuitable for observations of extended 
objects, such as clusters and nebuhe, while with high powers the ever-present difficulty of following the 
object IS very greatly accentuated 

These disadvantages were recognised by Huyghens early m the history of the telescope, and the 
eyepiece bearing his name has been m common use ever since his time Indeed, probably ninety-nine 
out of every hundred eyepieces usually sold with small telescopes ai e of this form If well made, and of 
proper design, this ey(‘piecc will give, especially with retractors, good images over a comparatively 
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large field of view, and this with little exhibition of false colour It is not, however, so well suited to 
reflectors, as it has considerable spherical aberration of its own, which, with the comparatively large 
ratio of aperture to focal length usual in a reflector, is apt to impair the definition with low powers 
A somewhat flatter field is obtained with eyepieces of the Ramsden construction, though as commonly 
made they cause a good deal of false coloui towards the margin of the field of view This is obviated 
in some eyepieces—^notably those employed with the weU known “ prism ” bmoculars—by making 
the lens nearest to the eye itself achromatic, or nearly so When thus arranged, this eyepiece is pro¬ 
bably the best of all for low and moderate powers For higher powers, there are several kinds of eye¬ 
piece to be obtamed which perform, especially with reflectors, notably better than the Huyghenian 
These are usually rendered achromatic by the employment of two kinds of glass, somewhat m the 
manner of object-glasses of these, the Monocentrics of Stemheil and Zeiss, the single lens eyepiece 
of Cooke, the Zeiss “ Orthoscopic,” and Browning's Achromatic eyepieces may be mentioned among 
many varieties The present writer has found nothing better, either for refractors or reflectors, than the 
Zeiss "Monocentrics," which consist of a single achromatic combmation of three lenses cemented together 
A table has already been given showmg roughly the powers which wiU be found most useful for 
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two specified 
apertures, but it 
must be admitted 
that eyepieces of 
good quality are 
somewhat expen¬ 
sive, and for 
general purposes 
it will usually be 
found that thiee 
will cover all the 
work commonly 
undertaken by the 
amateur For a 
4-inch refractor, 
probably 60, 100, 
and 140 will be 
found most use- 


Thfi zone of the object-glass indicated brings the rays to a somewhat shorter focus tSan the rest of ful for an 8i-incll 
the glass The effect on the “ out-of focus ’* image as seen withm and beyond the focus is shown by 

the small citcles these correspond to the positions mdicated of a screen mterceptmg the light reflector, 60, 150, 
The amount of aberration is very greatly exaggerated for dearness and 250 Although 

on a good night higher powers than these will give a good image, it does not follow that more detail 
will of necessity be seen A certain proportion of light in the image to magnifying power is always 
essential, and high powers, which spread the available light over a larger apparent area, often result 
m a general famtness of the image which renders it difficult to make out fine details, although they 
may be present m the image Even m the resolution of close double stars into their components, 
for which it might be thought that very high powers would be an advantage, moderate powers usually 
suffice Consider, for example, the case of a 9-inch reflector By the formula already given, such 
an aperture, on a good night, ought to separate two stars whose apparent distance apart is about 
0 66 second or so , that is to say, the two discs in the image will just be separated Now, to sec the 
Stax double we must magnify this image by means of the eyepiece sufficiently to allow of their being 
separately seen by the eye A fairly keen eye will, unaided, separate two points of light (not too 
bright) if they are not less than about two mmutes of arc apart In order, then, to rendci visible 
the two components of the star of 0 56 second separation, we shall have to magnify it 120 seconds / 
0 66 second, or 218 times , and this is quite a moderate power for a 9-mch aperture , in fact, not 
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more than about 24 to the inch Any higher power will do no more than render the separation 
somewhat more obvious It will not result in the resolution of a closer double for the discs will 
overlap, no matter what power we apply by means of the eyepiece The eyepiece can only magnify 
the image, and cannot modify it in any way, and if the image consists of two overlapping discs, no 
eyepiece can make it appear anything else 

At the same time, as has already been mentioned, it is often possible to detect the double nature 
of a star even if the discs aie overlapping , for this purpose, of course, a high power is of advantage, 
if the night is good enough, as giving a clearer view of the shape 
of the image 

Although, as mentioned above, three eyepieces arc sufficient to 
cover most work, it is very often a considerable advantage to be 
able to increase or dimmish the power to suit special conditions 
of seeing, mist, etc Fortunately, this can readily be done without 
the necessity of adding to the stock of eyepieces, by the use of the 
simple device known as the Barlow '' lens This device—the 
advantages of which arc by no means appreciated as they should 
be—consists of a concave achromatic lens, usually of (negative) 
focal length about 8 inches, which is mounted m a short piece of 
tube capable of sliding inside the “ draw-tube which carries the 
eyepiece If such a lens, say of 8 inches focal length, is placed 
4 inches within the focus of the object-glass, so as to receive the 
rays from the latter before they come to a focus, it will throw 
the image 4 inches farther out, and at the same time double its 
size if the eyepiece is unchanged, of course the magnifying power 
is now doubled If the Barlow lens is moved nearer to the focus 
of the object-glass, the image will not be thrown so far out, and 
the extra amplification will be less , moving the Barlow lens farther 
within the focus of the object-glass has the contrary effect It 
will be seen that in this w<iy a very dedicate adjustment of ^he 
magnifying power is obtained The advantages gained by the use 
of the Barlow lens arc considerable In the first place, for a given 
magnifying power the eyepiece used need not be of anything like 
such short focal length as is normally the case, and m consequence 
the errors introduced by the eyepiece arc much diminished, since— 
and readers acquainted with optics will appreciate this point—the 
diameter of the beam of light emerging from the eyepiece bears a 
smaller ratio to the diameter of the eyepiece lenses, and wliat has 
been described above as spherical aberrationis greatly 
diminished This advantage is especially felt m the casc^ of reflecting 
telescopes, which arc usually of shoit focus as compared with their 
apertures By the use of the Barlow lens the effcLhve focal length 
of the mirror or object-glass may be greatly increased, which is 
always an advantage with any form of telescope 

Against the advantage just mentioned must be set the slight 
loss of light caused by the extra lens—not, as a rule, of much 
importance—and a slight tendency to the formation of ghosts,’' 
or '' smudges ” of light in the field of view caused by reflections at the surfaces of the lenses, but 
these drawbacks are not serious as compared with the great utility of the device 

The Barlow lens usually takes the form of a “ concave meniscus," or “ concavo-convex " the 
convex side should always be towards the object-glass 
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ACHROMATIC OBJl^XT-GIvASS 
An achromatic objcct-pilass brings the 
biighlcst lays of the spcclruiu (those 
between yellow and gieen) to the 
shortest focus, and the rest of the 
spectrum focusses at vauous points 
faither out These latter colouis 
combine to form the “scconclaiy 
spectrum ” 
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Eyepieces may either be screwed 
into the end of the draw-tube or they 
may be mounted in a short piece of 
tube which can be pushed into an 
“ adapter the latter method is very 

greatly to be preferred By far the Mc«ow.ouss 

greater number of eyepieces sold at the m?m funt glass \,m -4. AinhUe 

present day, however, are made to action of barlow i^nNS 

Kamo- 1 C Batlow lens, which is an achromatic concave, or “negative,’' lens 

screw in, txie tnreaa D g placed withm the focus of the ob 3 ect-glass, bends the rays outwards and 

supposed to be the “ astronomical ” thus enlarges the image, at the same time throwing the latter fartlier from 
thread, which should be, but often is object-glass 

not, a standard size Eyepieces made to push m are changed much more rapidly, and are muclx less 
liable to get dropped and damaged in the dark, but opticians seem unable to agree upon a standard 
gauge of tube, even when they make their eyepieces to push m Consequently, it is often impossible to 
use the eyepieces of one maker on the telescope of another , a fact much to be deplored As a rule, 
the screw-in eyepiece supplied is a good example of unreasonable conservatism on the part of the 
makers It usually is much heavier than it ought to be, and it usually seems to be the obje^ct 
of the maker to sink the lens nearest the eye as deeply as possible m the lump of brass in which, it is 
mounted, whereas, especially in the case of high powers, it should be brought as close to the evi^ as 
possible Again, makers of these eyepieces usually seem to imagine that provision must be made, 
even with the highest powers, for the attachment of a dark glass for viewing the Sun , whereas pi actical 
observers know very well that on the Sun, low powers only are generally used The result is that the 
difficulty, with high power eyepieces, of getting the eye anywhere near the eye-lens, is increased by the 
flange to which the dark glass is supposed to screw Altogether, the astronomical eyepieces generally 
made in this country are much behind the times They may go very well with the PiUar-and-Claw 
stand, but are very unsatisfactory from the practical point of view 

From what has been said above, the reader has probably realised the undesirability of piishiug 
magnifying power too far , but it is not, perhaps, as well recognised that it is possible to err in the 
other direction, even when the objects observed would appear from their nature to invite tlie use 
of the lowest possible powers In all cases it must be remembered that the object is seen, apparently, 
agamst the background of the sky Now, the brightness of this apparent background depends to 
a great extent upon the magnifying power in use There is always, even on the darkest and clearest 
nights, some light in the sky, and the higher the magnifying power, the more this is diluted ; thi‘ 
lower the power, the brighter the apparent background Now, a little thought will show that when 
g we wish to observe the faintest details, of, say, a diffuse ntd^uLi, 



we must have the contrast between the details we wish to observe 
and the background as strong as possible, and the observer will 
find that, as a rule, it is not the lowest power that gives tlie best 
contrast As an example, we may take the Great Nebula m Onon, 
which is familiar to almost all observers With a power of 40 on 
a 9-mch reflector, there is so much hght in the background that 
the outlying details are lost, with a power of 100 on th,e s*inic 
aperture, the contrast is greater owing to the darker background, 
and the details are more easily seen, though, of course, the extent 
of the field of view —i e , the amount of the nebula visible at one 


the star 

DIAGONAL REFLECTOR 
A right angle pnsm fitted to the eye- 
end of the tube, reflecting the whole of 
the light from the object-glass from 
its mdined surface to the eyepiece at 
the side of the tube 


time—IS much less No hard and fast rule can be laid down, 
but as a rough average, unless the nature of the observation is 
such that the largest possible field of view is absolutely necessary, 
about 8 or 9 to the inch of aperture will be found the best power 
for such objects as clusters and extended nebulse For the detection 
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of faint companions to bright stars, the powci may with advantage be considerably higher—perhaps 
about 15 or so to the inch, or even 20 

But there is another factor which limits the available power m the downward direction the dia¬ 
meter of the pupil of the eye For many years it has been assumed that in the dark the pupil of the 
eye expands to not more than one-hfth of an inch in aperture Recent experiments by Dr W H 
Steavenson, however, have shown that, with young eyes at least, the aperture of the pupil in darkness 
IS considerably larger than this , in fact, about one-third of an inch (Whether this is the case with 
the eyes of persons of middle age, however, is perhaps open to question ) 

Now it may be proved that the magnifying power of a telescope can be obtained by dividing the 
aperture of the objcct-glass by the diameter of the beam of light which leaves the eyepiece—this is, 
in fact, about the best way of determining it—and it follows from this that if the magnifying power is 
less than about three times the aperture in inches, the emergent beam will be more than one-third of an 


inch in diameter, and—according to Di Steavenson's result—it will therefore be greater in diameter 
than the pupil of the eye This means that under these conditions the light from the margin of the 
object-glass will not enter the eye, and the telescope is really dimmishod in aperture, and, of course, 
m light-gathering power Hence, if we wish to employ, for example, a powei of 30 diameters, an 
apciture of 10 inches will transmit i lo 


as much light to the eye as any 
larger aperture Similarly, the lowest 
power that will admit of the useful 
employment of the whole of a 
4-mch aperture is twelve If, as the 
present writer believes to be the 
case, the pupils of eyes of middle- 
aged persons do not expand to more 
than one-fifth of an inch as an 
average, these figures will have to be 
modified 6 inches for the power of 
30, and power 20 for the 4-mch 
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It was said just now that the 
magnifying power of a telescope 
may be found by dividing the 
diameter of the object-glass by that 
of the beam of light emerging from 


THE DX^NTAMOMIU'r R ” 

The “ Dyuamoiuctcr ” is shown (Ml si^e) in position across the cycpiccc 
The centra Imght circle is the Ramsdui disc, the maigni of which just touches 
the sides of the V-shaped slot The scale (which is more finely divided th<m 
is here shown) m the liguie gives 130 inch as the diametei ol the Ramsden 
disc with a live inch object glass oi nurroi this would indiCiite <i miignib uig 
powei of 5/0 130, oi 38 5 (liaineteis 


the eyepiece If a telescope focussed for a distant object is directed to the sky or to any bright 
surface, and the eye removed a foot or two horn the eyepiece, a small ciiculai patch of light 
will be seen in rear of the eyepiece, and close to it This is the image of the object-glass formed 
by the eyepiece, and is generally called the “ Ramsden disc,” after the celebrated optician of 
that name All the light from a stai passing through tlie object-glass must evidently also 
pass through this disc, and the diametei of the latter is thcrcfoie the diameter of the emergent 
beam This diameter can be measured in vaiious ways Probably the most convenient is a 
little instrument first suggested by the late Rev E L Berthon, and called (rather unfortunately) 
the " Dynamometer,” or Power-measurer In this, a graduated stiip of metal has a V-shaped slot 
cut m it, the sides of the slot being perfectly straight The edges of the Ramsden disc are made just 
to touch the sides of this slot, and the diameter is read off directly from the scale A fairly efficient 
substitute may be made by fixing two strips of paper, inclined at a small angle, to a frame, and gradu¬ 
ating the strips to show the width of the space between them at any point, or, for low powers, a small 
pair of compasses (what are usually known as “ spring bows ") may be used But with either of these 
methods the accurate measurement of high powers is difficult, on account of the very small diameter 
of the Ramsden disc This will be realised when it is considered that with a power of 40 diameters 
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to the inch of aperture, the diameter of the Ramsden disc is only one-fortieth of an inch If the exact 
value of a high magnifying power is required, it is best to get a reliable optician to make an accurate 
measurement of the “ equivalent focal length " of the eyepiece, this, divided into the focal length 
of the object-glass, gives the magnifying power required 

Perhaps it may be as well to warn the reader that the expression “ magnifying power," as apphed to 
a telescope, always means the ratio of the hnear apparent diameter of the object, as seen with the 
telescope, to the same as seen with the unaided eye Sometimes a telescope is advertised as having a 
power of, say, “266 su/perfictal** This simply means “ 16 Imear," or " 16 iiametetSt which is the 
correct expression (256 = (16)*) 

The observation of objects at a considerable altitude with a refractor is apt to be extremely 
tinng, nnlfiRs the observer's head is supported m some way, faihng this, a nght-angle pnsm 
attached to the eye end of the tube, so as to throw the light out to an eyepiece at the side, is a great 
convenience, the loss of hght by absorption m the glass being tnfbng It has, however, the ^eat 
disadvantage for lunar and planetary work that the image is reversed " nght-and-left " (or “ up- 
and-down,” as the case may be) as m a looking glass This renders the recognition of the features 
of these objects somewhat difficult 


Opinions may differ as to the best situation for the telescope, and this pomt is usually 
settled by considerations of space, view of the sky, and other local conditions, but there is 
no doubt as to the worst—an open wmdow The air in a room is almost always at a different tempera¬ 
ture from that out-of-doors, and an ojf)en wmdow alwa 3 rs forms a meeting-place of currents of unequally 
heated air, which ruin the definition of the image Again, any vibration caused by movement of persons 

and things in the house—or even of 



the observer himself—is enonnously 
magmfied by the telescope , and it is 
practically impossible to observe an 
object anywhere near to the zenith 
If an open window is the only 
available place from which observa¬ 
tions can be made, the object-glass 
should be pushed outside as far as 
possible, so as to mitigate m a small 
degree the effect of the air-currents 
just mentioned , but this is about all 
that can be done, and it is not, as a 
rule, very effective It seems worth 
while to warn the begmner that no 
good performance can be expected 
of a telescope if it has to look through 
a plate-glass window this is equiva¬ 
lent to adding another lens of very 
poor quahty to the object-glass, and 
even the best plate-glass is far too 
irregular, as regards flatness and 
refractive power of the glass, to do 
otherwise than seriously impair the 
performance of the instrument If 
observations have of necessity to be 
made from a wmdow, there must be 
no fire %n the room, and the wmdow 
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must be left wide open for as long as possible 
before observations are commenced 

The proper place is out-of-doors A spot 
should be selected from which the best view 
of the southein and western sky can be 
obtained, the northern part of the sky is 
less important, so long as it is possible to 
see the Pole-star from the spot selected If 
possible, the telescope should not stand on 
grass A gravel or cinder surface is far 
better, and there will be less trouble from 
dewing and vibration Do not point the 
telescope above, or to leeward of, a chimney 
in use, unless you want to study the elfoct 
of a heated current of air ” If the telescope 
IS kept indoors and carried out to its stand 
each night, let it stand in the open, if possible, 
for half an hour before observations are 
commenced, a tel(‘scope taken out of a 
warm room is never at its best till it has 
cooled down to the temperature of the 
outside air, and this applies especially to 
reflectors 

The observer who us(‘s a refractor will 
very soon And that on cold nights, espc'cially 
when there is little or no wind, and the dew 
lies heavy on everything around, the object- 
glass quickly becomes covered with a layer 
of dew whicli seriously mUTferes with the effici<‘ncy of the instrument The cure for this is what 
IS known as a “ dew-cap ” This is simply an extension of the tube bi'yond the obiect-glass, which 
has the (dfect of protecting the glass from radiation in a vcTtical direction It should be of some 
light material~/an( is very good and blackened inside to avoid leilections, which on a moonlit 
night might introduce stray light into tlu^ tube and impai, the brilliance of the image Thc‘ dew-cap 
should be an easy fit on the object-glass cell, just tight enough to remain in jihue, but not so tight 
as to risk imjiairing the .idjustment of the object-glass when it is shijiped oi unshipped IK length 
should be at least 2| timc-s tlu‘ aperture* of the object-glass Occ<isionally. when tlie dew is very 
leavy the dew-cap does not altogether prevent dewing of the glass, in such case's a loll of diy 
flannel or other absorbent material, preferably w.irmed, maybe pushed into the dew-eap for a few 
minutes when the dew will be cleared off Evc-n the heat of the hands applied to the outside of the 
tube will (iften have this e'ffect if the dewing is only slight If, as sometimes happens on cold night, 
o^ng to the warmth of the* observci s eye, the c'ye-lc'ns becomes dewed it should be wanned to drive 
the dew off, and if, as often happens in the case of a reflector in an iron tube', the flat becomes 
dewed the hand may be cautiously applied to the fl.it mount for a fc'W minutes, can' being taken 
at t e SI ver film is not touched It cannot be too urgently impressed on the novice* who uses a 
reflector that when either mirror is dewed, its surface must on no <ic( ount be touched with anything 
whatever, or the silver film will be at once damaged 

4 dew-cap on the jmder savet, much trouble, though not usually fitted 

Object-glasses and eyepieces-especially the former-shoulcl be wiped as little as possible, and then 
on y with the softest possible materials, kept free from dust otherwise scratching of the surfaces is 
only a matter of time The object-glass should never on any account be removed from its cell, except 



Xllli I^QlIATORIAIy laCI’RAClOR OF 
DR W xr vSTKAVFNSON’S OI^vSI^RVATORY AT ^ 
W15ST NORWOOD 

A. SIX mOi refractor by Wray, of feet focal length The clock 
iwidei the lowei bearnig of the polai axib, and its 
weight hangs down inside the pier The posts loiind the telescope 
are for Die support of the lails cairymg the “lunoff” shed 
which houses the telescope when not in use 
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by an expert Its lenses are valuable things, and are fitted to the ceU by the maker with '^t'nost 
care to e^ure the best possible performance-the shghtest hurry or want of care may convert a delicate 

°^TrSaSOT^ftof Srge to carry easily, may be left in the open air without fear of damage if the 
object-glass is protected by a well-fittmg cap in which a pad of absorbent material is placed to keep 
the glals dry The brass work of the stand-of which there is generaUy far too much at the present 
time—will lose its bright appearance, but not its effic ency if well designed ° 

should be painted, and, if well made and well cared for. will last almost indefinitely The stand of the 
writer’s nme-inch reflector is entirely of iron, and has been almost constantly kept in the open air for 

the last twenty years It now works as well as on the day it was completed 

The mirrors of a reflector should always be protected by closely-fitting caps, preferably 
of absorbent matenal inside them to take up any moisture that may be present It is important that 

these caps should at the same time be an " easy ” fit, or there is some nsk of altering the adpstments 
^ of the mirrors m taking them 



Photo by\ ^ Steavemon 

THE “RUN-OFF” SHED AT DR STEAVENSON’S OBSERVATORY 
The shed, which is high enough to cover the telescope when the latter is placed 
horizontal, is here shown in position over it 


Although, as stated above, 
the amateur who contemplates 
serious work will find a reflector 
of from eight to ten inches 
apertuic probably the most 
suitable instrument for his 
purpose, it must be admitted 
that the adjustment of a 
reflector may present some 
little difficulty to anyone un¬ 
accustomed to optical instru¬ 
ments The following directions 
for adjusting the mirrors are 
here given in the hope that 
they may serve to smooth 
away some of the initial 
difficulties 

Reference to the diagram 
given of the action of the 
Newtonian reflector will indicate 


that m order that the instrument may perform properly, the axes of the mam and eyepiece tubes must 
mtersect m the centre of the former , these axes are usually set at right angles by the maker Further, 
a ray of hght madent on the speculum along the axis of the main tube must be reflected straight back 
along this axis, which means that the speculum—to use a rather loose expression - must be at nghi 
angles to the axis Again, the flat imxror, which wUl be inclmed at forty-fiye degrees to the axis of the 
tube, will present to an eye at the centre of the speculum a circular outline , to avoid unsymmetncal 
interference with the beam of parallel rays incident on the sjpeculum, which might cause want of 
symmetry in the image of a star, the centre of this circle—which is very nearly the centre of the flat 
—must be on the axis of the tube The first thing to do, therefore, is to place it so The flat is usually 
mounted in a short metal cylmder, cut off at an angle of forty-five degrees with the axis, and 
supported by three steel strips extending to the sides of the tube, kept taut by nuts outside the tube, 
and presentmg their e<3^es to the incident hght 

(Whether this is the best way of supportmg the flat is very doubtful, although it is commonly 
adopted, m the writer’s 9-inch reflector the flat is mounted on a smgle stout arm fixed to one side 
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of the square wooden tube, and this, although it intercepts a very little more light than the strips 
above described, is just as ethcient optically, much more easdy fitted and more rigid) 

Adjustments are usually provided outside the tube by which the three strips can be made 
longer or shorter by means of these the centre of the flat may, with the help of compasses or a scale 
be set m the a\ib of the tube 

Here it may be remarked-^though this point is, or should be, attended to by the maker-that 
the flat mirror must be of sufficient si/,e to embrace considerably more than the whole beam of light 
from the speculum to the central (or axial) point of the image of an extended object If the flat is 
too small, then although the' centre of the held of view may receive the whole of the light from the 
speculum, the margin will not do so much of the light will fail to faU on the flat, and there will be 
a maiked dehciency of light at the margin of the field of view As a general rule, with specula of the 
usual aperture and focal length used by the amateur, the flat—which is eUiptical in outline—should 
have Its smaller diameter, or “ minor axis.” not less than one-sixth of the diameter of the speculum, 
and one-iifth would bt‘ bolter 


As IS well known, an ellipse 
inclined at forty-fiv(‘ dt‘grees to 
the line of sight will, if it is to 
appear to the eye <is a circle, 
have its major and minor axes, 
or longer and shorhT diametcTs, 
m the ratio of 1 414 to I so 
that for a 0-inch <i])(Tlun‘ tlu^ 
flat would be about 2 55 inches 
m length and 1 8 inclus in 
width Of cours(‘, llu‘ largcT 
the hat, the moi(‘ light it will 
stop from 1 caching tlu^ specu¬ 
lum but in the (ase c onsidtTed 
of a flat wlios(‘ minor axis is 
one-fifth of the ap(Ttuu‘, only 
one-lwenty-fiflh of llu‘ incident 
light IS lost, <i piopoition quite 
negligible foi most jiurposes , 
while foi low ])()wcT work 
especially tlu‘ observ<itioa of 
variable stars tlu‘ uniform 
illumination of the tield of view given by a large flat is a great advantage The flat being 
now centred in the mam tube*, we have to adjust its inclination so that a ray along the axis 
of the main tube will be leflected along tlv‘ axis of the eyepiece tube Adjusting screws are 
usually provided on the' mount of the flat for this purpose Provide a disc of metal, with a small 
hole (about a twentieth of an inch m diametcT) in its exact centre, which can be screwed or pushed 
into the eyepiece tube in jilace of th(' eyepiece the mount of a high-power eyepiece with the lenses 
removed will serve very well If the eye is applied to this aperture, the farther end of the eyepiece 
tube will be seen as a circle, and, beyond it, the (apparently) circular outline of the flat Inside the 
latter will be seen at least if the flat is roughly adjusted—another circle, which is the outline of 
the speculum in its cell to guide the eye, it is a good plan at this stage to cover the speculum with 
a disc of white paper of exactly the same diameter By means of the adjusting screws on the mount 
of the flat the latter may now be gently tilled until the outline of the speculum is concentric with the 
outline of the farther end of the eyepiece tube, and well within the outline of the flat, though not exactly 
concentric with the latter to perform this adjustment it may be necessary to shift flat or eyepiece 


I 



Plioiobyl H Shavthson 

Tin^: RUN ()1U« ” SH1U> A1 DR STKAVKNSOVS OBSERVATORY 

The slitU IS here imi back on its rails and the telescope reidy foi use This tomi 
of shellei i?ives praelieilly all the advantages of the usual observktory with its 
1 evolving dome, and is of course much less eostly 
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tube—whichever is capable of movement—up or down 
the mam tube When this adjustment is completed, 
the outline of the flat should not be quite concentric 
with the outlines of the eyepiece tube and speculum, 
but slightly displaced m the direction of the upper 
end of the tube \\c now have the flat correctly 
placed so as to reflect a ray proceeding along the axis 
of the mam tube in the direction of the axis of the 
eyepiece tube, and may proceed to the final adjustment 
—that of setting the speculum at right-angles to the 
axis of the mam tube 

Remove the disc of paper covering the speculum, 
and direct the telescope to the sky or a fairly bright 
surface On looking through the aperture the observer 
will see, within the three circles just mentioned, a 
very much smaller dark circle , this is the image 
of the flat, reflected first in the speculum and then 
m the flat itself, the strips supporting the latter will be seen as radiating straight lines 
The image of the flat has now to be placed in the centre of the image of the speculum and of the 
outline of the farther end of the eyepiece tube, and this may be done by means of the three adjusting 
screws always provided on the cell of the speculum It is almost impossible to give any general rules 
as to which of these screws should be turned, and in which direction, this will be soon found out 
by the observer, after a little trial and practice , but the following may be of assistance In 
general, if the speculum is out of adjustment, the image of the flat will be nearest to some definite 
point on the circle formed by the outline of the speculum , this point can be marked by moving the 
hand round the upper end of the mam tube, m such a manner that a finger encroaches on the aperture 
The finger will be visible by reflection in the mirrors Note the corresponding point on the cell of 
the speculum, and pull this point hack—i e , downwards, or away from the flat After a few trials 

the image of the flat will be properly centred, and the mirrors 
are now in adjustment 

The adjustments just described may at first sight seem 
somewhat difficult and complicated, but a very little 
patience and practice soon removes the dithculty , and if 
a reflector is to perform at its best, they must be carefully 
attended to No badly-adjusted reflector will give a really 
good image of any celestial object And here it is as well 
to remind the owner of an equatorially mounted reflector 
that any alteration of the adjustments of the mirrors—■ 
especially of the large speculum—will affect the accuracy 
of the readings of the R A and declination circles , so that 
if the telescope is to be required to find objects by day, or 
faint objects at night, by means of their Right Ascension 
and Declination, the verniers of these circles must be 
rc-adjusted after every re-adjustment of the miirors , and 
the same applies to the finder 

Whether we adopt the refractor or reflector, the finder— 
which, as its name implies, is a small telescope of low power 
and large field carried by the tube of the larger instrument 
for the purpose of quickly directing it to any desired object— 
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DOIMB OFTHB EIGHT-INCH 

refractor at headeey 

OBSERVATORY 

This dome contains the eight inch Cooke 
refractor bdongmg to the Royal Astronomical 
Society It IS employed m measurement of 
double stars and observations of the planets, 
especially Jupiter The small room on the left 
contains a transit instrument for time- 
detemnnations 
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AN OBSERVING CHAIR 
A convenient adjustable observing chair for use with 
a small or moderate-sized refractor Both the height 
of the seat and the inclination of the back can be 
altered to suit the altitude of the object 
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must be caretully adjusted so that its axis is parallel to that 
of the mam instrument The method adopted for mounting 
and adjusting the finder varies a good deal according to the 
whim of different makers often it seems to be the object 
of the maker to make the adjustment of the finder as 
difficult as possible By far the best way of mounting a 
finder is to carry it in two rings mounted on short stems 
projecting from the mam tube, these rings being somewhat 
larger internally than the tube of the finder, which is gripped 
by the rounded points of thiee milled-headed screws passed 
inwards through each ring Why this method is not more 
adopted it is difficult to say , possibly it does not look 
“ pretty enough, which seems too often to be the con¬ 
sideration governing the design of a telescope But it is 
certainly most efficient no spanner or screw-driver is 
needed to effect the adjustment, which is admirably perman¬ 
ent , the finder can be at once removed by loosening two 
of the screws, and this mounting is particularly strong 
and shock-resisting, and very easy to make 

In most finders it will be found that both object-glass and eyepiece are capable of being separately 
focussed, the eyepiece should first be focussed on the cross wires ” which mark the centre of the 
field of view, and a star should then be brought into focus by adjusting the object-glass 

To adjust the axis of the finder, the Moon is a great help, as the main telescope can be so easily 
directed to her disc The Moon being brought to the centre of the field of the lowest power (which 
should have a large enough field to embrace the whole disc), the finder may then be set roughly into 
parallelism by means of its adjusting screws It will then serve to bring the Pole Star (which is specially 
suitable for this purpose on account of its very slow motion) into the field of a low power on the mam 
telescope, when the star can be centred in the latter and the adjustment of the finder improved—to be 
finally perfected by means of a high power on the main telescope 

A finder is an absolute necessity for any telescope of three inches aperture and ovei It should 
have an aperture of not less than one and a quarter inches—one and a half or one and five-eighths 

are better - a magnifying power of about eight diameters, and 
a field of view of at least five degiees With a good finder 
the whole of Orion's belt should be included m the field of 
vu^w The eyepiece of the finder may with great advantage 
be made of the same gauge as those of the mam telescope, 
so that it can he used to give a low power on the latter , and 
the finder should, as remarked earlier, b(^ fitted with a dew-cap 

From time to time in the present chapter the expressions 
“ good nights '' and “ bad nights " have been used It will 
not take the newcomer to the ranks of observing amateurs 
long to discover for himself what these expressions mean 
the second of them, unfortunately, will soon explain itself 
Quite apart from clearness or transparency of the atmosphere, 
the quality of the images seen through even the best telescope 
will be found to vary to a surprising extent—much more than 
is populaily supposed Often the observer hears one of his 
friends remark, what a splendid night you had last night " 
—^whereas the unfortunate observer knows only too well 
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HEADIyEY OBSERVATORY 
A general view of the Re\ TER Phillips’ 
observatory At the time when this was 
taken the eighteen inch reflector had not 
been elected 
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THE DOME OF THE TWELVE AND A 

iiaef inch reflector at headeey 


OBSERVATORY 

This contains a twelve and a half inch equa 
tonal xelleetor by G Calvci, with driving 
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that he was able to accomplish little or nothing The fact is, that as a rule the most bnlliant 
nights are very often the worst The images, with even moderate powers, are tremulous 
and blurred, and fine details are obhterated in the continuous disturbance of the image This condition 
of things is described by saying that the seeing is bad The quahty of the seeing depends on many 
things—the location of the observer , the force and direction of the wind , his proximity or otherwise 
to houses or towns , the state of the barometer and the temperature and humidity of the air , and 
last, but not least, the time at which the observations are taken As a rule, observers in towns do not 
get the best “ seeing '' until after midnight, on account of the heating effects of the numerous chimneys, 
each of which is “ doing its bit'' towards the general disturbance Usually in Great Britain the 
eastern parts of a large town suffer more in this way than the western, the westerly winds which 
generally prevail bringing the heated vapours in the direction of the observer's locality Bad seeing is 
often expenenced near the seashore, and though it might be thought that high ground would be 
advantageous, it is not always so As a rule the best seeing is experienced on still, cold nights in winter, 
when there is just sufficient mist to blot out stars of the fifth and sixth magnitudes to the unaided eye 
On a foggy night the seeing is often excellent, but on such nights it is hopeless to apply very high 
powers, say, to the planets, as the available light in the image is so much reduced by the fog Excellent 
seeing is often obtained just aftei a westerly gale, and high wind, although it shakes the telescope, is 
often no detriment to good images Denning has recorded that he has often found planetary markings 





\M A Huslu 


ADJX^STMFNIS OF X NIAVTONIA^N RI^-JF^FClOR 

These hguics show tht appeaianccs seen through a small hole placed in the usual position of the eyepiece is the 
circular outline of the farther end of the e\cpiece tube , F that of The flat ninror , S that of the speculum , 1 F the 
image of the flat mirror seen by reflection m the speculum, a a a the thm metal strips supporting the flat miiroi 
A—^Mirrors out of adjustment B—Flat iniiror adjusted, but not the speculum C—Both ininois in adjustment 
(The displacement of T towaids the upper end (z t , to the left) of the tube is somewhat exaggerated m liguics B and C ) 


well seen through the smoke and fog of Bristol So it will be seen that there is no hard and fast rule 
for the kmd of weathei that produces good seeing, and the obsejver must take all the chances he can, 
remembering that on brilliant nights when there is much scintillation, although detail may be invisible 
and star images hopeless with high powers, star clusters and nebulje are to be seen at their best, requiring, 
as they do, low powers, and light rather than definition Possibly the most hopeless nights are those on 
which there is a bright full moon, but bad seeing, on such there is really very little for the amateur to do 
Every observation should, of course, be recorded, if any use whatever is to be made of it, and the 
record should always be accompanied by a statement of the climatic conditions prevailing at the time, 
and the quality of the seeing Most observers adopt a scale of numbers for recording the latter, from 
0 to 10 These numbers, when first suggested, were based mainly on the quality of star images, as 
regards the visibility and steadiness of the diffraction rings round the disc and the quality of the disc 
itself, but for most purposes the numbers may be arranged as follows, it bemg supposed that an aperture 
of about eight and a half inches is in use 

^ 1 Conditions varying from absolute hopelessness to the possibility of seeing some detail on a 
2 I planet, such as Jupiter 
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3 The image exhibits some of its finer details, perhaps for two or three seconds every minute or two 

4 Image generally disturbed, but with occasional steady intervals, for a few seconds at a time 

5 The good intervals are longer, say half a minute or so 

6 Images good most of the time, with occasional short peiiods of disturbance 

7 Images very good, except for occasional flickers and jerks 

8 Images quite steady for long pei lods, with hardly a trace of disturbance even with high powers 

9 Not often recorded the same as No 8, only more so ” 

10 Absolute perfection , often dreamed of, but never realised 

But it must be remembered that 


although these numbers are valuable 
to the observer himself, they aie really 
only expressions of his personal opinion 
different observers will differ enormously 
as to the number they assign on a 
given night, even with the same 
aperture in use , and when different 
apertures are used, the differences are 
greatly increased An observer with a 
four-inch refractor might lecord 7 or 
8 at the same time that anothcT in the 
same locality, but using a ten-inch 
reflector, might record 4 or 5 I o give 
any information to others, the ohsisver 
should, besides assigning a seeing 
number," recoid his apeituie, and 
power, and whether he used a refractor 
or rcflectoi 

For every apeituie theie is a 
mimmim vtsibile in tlie way of faint 
stars I his vaiies with different eyes, 
on different nights, and with diH(n(^nt 
qualities of object-glass oi mirror , but 
as a rough guid(‘, it may be said tluit a 
good four-inch objr^ct-glass, on a really 
transparent night, when the " seeing " 
IS good and images steacty, should just 
rendei visible stars of magnitude abou1 
12 0, in the absence of any bright 
object in the held of view which might 
dazzle the eye by its glare Ha/e, 
light clouds, or mist, will absoib much 
of the light of the star and " bad 
seeing " will expand the image and 
reduce its contrast with the surioundmg 
darkness As a rule, fainter stars are 
to be seen in the country than in towns 

The curve on this page represents 
the magnitudes that can usually be 
seen with various apertures, under 
flrst-class conditions , in the diagram 



(M A Amshe 


IvlMlTINC'. MACrNITXJDT^S WITH VARIOUS APIvRlURl^S 


a his Liiivc shows the iiiagiiitudcs of the faintest stais visible uncki oidmai> 
conditions with lefiactoib and leikctors of vaiious apertmes It will be 
stui that up to about twelve inches the fidvantagc is with the. rcfmctoi 
With laigci apcitmcs the absoiption of light by the object-glass of the 
icfiactor causes the rcflectoi to be lathcr superior in light-giasp The 
curve, which is only to be taken as giving <111 avciagc, is based on the 
assumption that a rcfractoi of one inch aperture will just show a nnitlx 
magnitude star, and a rcflectoi one of magnitude 8 5 
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the Harvard scale of magnitudes is used, accordmg to which, as explained m Chapter XV, a star of 
given magnitude appears 2 512 times as bright as a star one magnitude famtei Reflectors, except 
in large sizes, do not show quite such faint stars as refractors of the same aperture 


Whether an observatory is necessary or even desirable for efficient observation is a question on which 
opinions vary considerably That it is a convemence there is no doubt but it need not be a very elaborate 

affair In any case 
it is ds well that 
the structure should 
be as light as poss¬ 
ible consistent with 
sufficient strength 
and durability, so 
that internal and 
external tempera¬ 
ture may be the 
same , a light 
wooden hut, with a 
revolving roof that 
can be turned m 
any direction, or a 
light roof made to 
slide right off, will 
amply suffice If 
the expense of such 
an “ observing hut” 
is considered too 
great, a very efhe- 
lent substitute con¬ 
sists of a simple 
wooden shelter, just 
large enough to con¬ 
tain the telescope, 
running on lails so 
that it can be easily 
pushed aside when 
observations are 
commenced and as 
easily run ovoi the 
telescope when done 
with But many 
amateurs have done, 
and are doing, ex¬ 
cellent work entirely 
out-of-doors and 
if the observei is 
careful to piotect 

himself from cold wmds and "night a.ir ’ ’ by suitable clothing, he need fear no ill effects, assuming that he is 
fairly strong m constitution m fact, it is at least probable that night air is actually benefiaal to most 
people A telescope, if well designed and well cared for, suffers no detriment from being left m the open, 



By county of, ^ 

AI^IAZIMUIH MOUNlINtx FOR MODERATE SIZI^D REFIyEClOR 
An extremely efliaent foim of mouiitmg, with slow motions in altitude and azimuth The former 
IS giv^ by the miUed head under the uppei part of the tube, its damp bemg shown lower down. 

^ screw worked by the handle shown restmg on the ground The wntei’s nme-mch 
reflector is mounted on a stand of this type The arrangement of the slow motion m altitude 
greatly conduces to stcadmess m a wind 
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AN OBSER\ INU HUT WITH ‘ SlyIDE OFF ” ROOF 


A Simple and eificienl obseivaloiy lor a small Heietheioof is slid off to each side and tlic tdcscopc 
telescope, with loof in two parts, sliding off on the ready foi use The telescope is a si\-ineh eqiiatoii il 
rails as shown lefiactor, by Cooke 


while there 
are good 
grounds 
for believ¬ 
ing that as 
a rule 
“seeing ” 
IS better in 
the open 
than in an 
observa¬ 
tory, this 

applies 
more es¬ 
pecially to 
reflectoi s, 
which, it 


ufeed m the open should (as already mentioned) have wooden tubes Most observeis will have then 
own ideas as to suitable clothing for cold weather, but cloth boots, thick stockings, a warm oviTCoat, 
and—last but by no means least—a knitted woollen helmet covciing the face as well as the head, 
will enable the obseiver to defy any cold weather that he is likely to meet with 

If observations are earned on in the open, it will be found convenient to have, near the telescope 
(preferably to the north of it) a strong table, with an open box laid on its side fixed on it This affords 
shelter for note-book, maps, &c , and protects them—as well as such things as eyepieces and the like - 
from dew For reading catalogues, making notes and drawings, and consulting maps, a small lamp— 
which may be of the pocket electric form now so common—is of course an essential and it should be 
covered with a red shade, to avoid the glare of the white paper, which is very liable to impair th(^ 
sensitiveness of the observer's eye The writer has used a photographic dark room lamp with much 
comfort 


It is hardly necessary to remind the observer who wishes to do serious useful work in Astronomy 
that it is of the greatest importance that full notes should be made at the time of anything in the nature 
of an observation, whether the phenomenon observed is of a usual or unusual nature Nothing 
should ever be trusted to memory for more than a few minutes A rough note-book should invariably 
be at hand when the telescope is in use, and the notes in this should be transferred to the fair note 
book as soon as possible The writer has found it a good plan, when making drawings of planets, 
to have several blank forms ready, and to note down on these as lapidly as possible the various details 
visible as they arc seen often four or five such forms arc used for a single drawing These aie then 
taken indoors to a good light, and a drawing made which represents as far as possible the various 
details seen, aided of course by the memory, which may be relied on for a few minutes at any rate 
This drawing is then finally compared with the actual view of the planet itself, and any corrections 
made that may be required, due allowance being of course made for the axial rotation of the planet— 
in the case of Jupiter a most important point In this way one can be fairly certain that the result 
represents the actual aspect of the planet, so far as the telescope and eye were capable of seeing it 
on the particular occasion 

On reaUy exceptional nights, when, to use a common phrase, a planet looks “ like a steel engraving," 
much more detail is sometimes visible than can be represented on the drawing , on such a fortunate 
occasion—^which will not occur too frequently—it is well to concentrate attention on one particulai 
region of the planet and to make a survey of this on a larger scale, rather than to attempt, in the limited 
time available, a representation of the whole disc for it must be remembered that in the case of 
Jupiter, an interval of half an hour makes a very considerable change in the aspect of the planet 
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The observer will probably find that his early attempts at depicting what he sees will prove somewhat 
disappointing, and will fall far short of published drawings—which are, it must be admitted, sometimes 
rather over-elaborated, doubtless for pictorial effect But if his aim is throughout to depict what he 
sees, all that he sees, and only what he sees, he will soon find that “ practice makes perfect,'' and that 
his sketches and records will grow in value as his experience increases 


In our changeable English climate, in which cloudy and clear skies at times tollow one another 
with such rapidity, the observei should at all times be ready for wdiat fortune and tlie weather may 
bring him, often he may, quite unexpectedly, and in the midst of very adverse conditions, find a 
few minutes, or peihaps a half-hour, of really first-class seeing and he will soon realise the advantage 
of having a “ working list " ready prepared for such emergencies If, for example, he is interested 
in variable stars, he will have their positions carefully marked on a good map, or—if he enjoys the 
luxury of an equatorial stand with divided circles--he will have their positions ready to hand on 
a special list, so that he will not be under the nt'cessity of existing linu^ in hunting up catalogues No 
time spent in the preparation of working lists is ever wasted His telescope should be kept properly 
adjusted, and ready foi use at a moment's notice, his observatory- if he has one— should be in 
good order, so that the roof or its shutters may not giv<‘ troubk , his eyepieces in their proper places 
and their lenses properly cleaned His rough note-book should be ready and its pencil—which 


should be tied to it —a simple precaution, but one which will 
be appreciated on a dark night - sharpened A sepaiate 
" fair " note-book should be kept for each bianch of observa¬ 
tion for example, observations of Mars and JupitcT should 
not be found m the same book This is quite an important 
point when—as is to he hoped will he the case -the observei 
sends m his observations to the Director of the appropriate 
Section of the British Aslionomical Association 

Finally, Labor Ipse Voluptas The Amateur Astronomei 
has been well described by Professor Hak‘ as “ the man who 
works in Astronomy because he cannot help it, because he 
would rather do such work than anything else in tlH‘ world, 
and who therefoie cares little for hampering conditions of any 
kind " Exasperating weather, icy winds, and cruel stxrng " 
do not avail to curb his enthusiasm There are by no means 
too many such, if the writer of this chapter has added even 
one to the list, his laboiu will not havi‘ been m vain 

CHAPTER XXI 

OBSERVATORIES AND THEIR WORK 

B\ Dr W H SrKAVENsoN, P'RAS 

T he contemplation of an intricate and well-made piece 
of mechanism is apt to lead, very naturally, to a desire 
to inspect the factory in which it was produced, and to 
watch the workers as they fashion the several parts that are 
finally to be assembled in the completed product 

The structure of modern Astronomical Science, as pre¬ 
sented to the reader in the preceding chapters of this Work, 
IS essentially an assemblage of a large number of separate 


R 



AN XSTROTABE 

lliL AstioUbt was amoufi the uulicsi of 
obscivaioiy nistiiimuits, pxopcily so called It 
was piovided with divided metal circles, eoiics 
pe>mhii^>: to mciidiaii equatoi, ecliptic, etc, 
on the slai spheie By lotating these eneles, 
which weie htted with sights, the Righ 
Ascension and Decimation of <ib3eets (oi, 
altexnatively, then longitude <uid latitude) 
could be ineasuied with modeiate aeeiu lej 
Ihe mstrmiKiit abo\e belonged to Tycho 
Bi ilu, but it IS believe<l to tie verv similai to 
the oil' use<l b^ llippaiehiis \e«useulici 
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TYCHO’S OBSERVATORY 

Ill 1576 the Obseivatory of “ Uraiiiborg ” was built for Tycho on the Tsinn ,! of Hven in 
the Sound, by his patron the King of Denmark It was on the observations here 
during the su^^ing twenty years that Kepler based his famous laws of planetary 
motion All Tycho s work had to be done without the aid of the telescope, which was not 

invented until 1608 


facts, each due either to 
some individual astrono¬ 
mer or to a group of 
specialists Observatories 
aie, so to speak, the fac¬ 
tories that are responsible 
for the production of such 
data, which are there and 
then (or subsequently) 
fitted into the general 
structure of which they 
form the necessary parts 
Some facts, therefore, with 
regard to modern obser¬ 
vatories, and the work of 
those who labour therein, 
may be of interest 

To the average layman 
a certain atmosphere of 
mystery undoubtedly at¬ 
taches to an astronomical 
observatory This is pro¬ 
bably due in part to the 
fact that such institutions 
are not as a rule open 
to public inspection, especi¬ 


ally during working hours, 

an a so per aps to the fact that the work done, though important from a scientific point of view, is 
seldom of a kind that is sufficiently spectacular to attract the attention of the Daily Press In conse¬ 
quence, ew persons get beyond the general impression that an observatory is a place where astronomers 
sit up all night, intent on the discovery of new objects with gigantic telescopes There is ceitainly 
soine ing ascinating in such a picture, but it is ludicrously far from being a truthful one In actual 

average observatory is done during daylight hours, and consists in 
e eng y mathematical treatment of observations that took but a few minutes to secure, or m the 
measurement of photographs taken, perhaps, during a brief clear interval some days or weeks before 
any a professional astronomer goes through his entire career with little or no star-gazing " in the 
popu ar sense of the term , and, as for the discovery of new objects, very few observatories include this 
as even a minor part of their programme of work True, the “ gigantic telescope is not entirely 
other hand, it is not every observatory that is fortunate enough to possess one 

o ese, an much of the most important work has been and is still being done with instruments of 
very modest dimensions 


a , t en, actually goes on behind the walls of a modern observatory, and to what purposes is 
s wor rea y irected ^ The answer to this question involves a considerable retrospect, for the 
as ronomica o servatory was, like other institutions, evolved from simple beginnings, and has been 
steadily developing throughout the centuries Strictly speaking, the word “ observatory ” applies 
o any p ace rom w ic observations are made, with or without instruments Such a general definition 
wou d, of course, apply even to the open fields from which the ancient Chaldeans watched the heavens 
owever, it is more usual to associate the word with a fixed position in which an instrument of some 
^ systematic use But, even in this narrower sense, the observatory is a very ancient 
ms 1 u ion, eing at east five thousand years old and probably of still greater antiquity There is 
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plenty of evidence to show that the ancient Egyptians, Babylonians and Chinese observed with 
instruments of some sort very many centuries before our era We know very little of the nature of 
these instruments, which were doubtless of a very rough description , but improvements were 
gradually introduced, and the divided circles and (Quadrants used by Eratosthenes, Hipparchus, and 
Ptolemy were capable of giving reasonably accurate results considering their small size and the 
necessary limitations of the unaided eye In the succeeding centuries divided instruments of this 
type were still further improved in size and accuracy, culminating, m so far as the precision of results 
in observation is concerned, in the quadrants of Hevehus and Tycho Brahe, which reduced the errors 
of the observed positions of stars to about one minute of arc This brings us to about the begmnmg 
of the Seventeenth Century, and it was at this point that a complete revolution in the equipment of 
the observatory was brought about by the invention of the telescope Hitherto the accuracy of 
observations depended on the precision with which two sights could be aligned on a star with the 
unaided vision, and naturally minute deviations from such alignment were imperceptible Now, 
however, by substituting a telescope for the rough sights, much smaller differences of direction were 
made manifest, so that, given a well-divided circle, observations could be made that were accurate 
to withm a very few seconds of arc 

It so happened that this great increase in the precision of astronomical instruments occurred at 
a very opportune moment Oceanic navigation was a comparatively new thing, but the one circum¬ 
stance which did most to check its rapid development was the danger and delay due to the impossibility 
of determinmg the exact longitude of a ship when many days out of sight of land Under such 
conditions the heavenly bodies were the mariner’s only definite guide, and it soon became obvious 
that correct determination of their positions was of vital importance to him Catalogues of the 
brighter fixed stars were already available, and they were quite sufficiently accurate for the 
determination of laMuic , but finding the longitude was quite a different matter, for it involved a 
knowledge of the exact lime at some definite meridian, the difference between this and the local, or 
ship’s, tune (deduced from the altitudes of stars, etc), giving the desired difference of longitude A 



THE OBSERVAIORY OF HEVEPIUS 

A typical open-air observatory in the early days of the tdescope, m the Seventeenth Century Astronomical instruments 
were still roughly made and poorly mounted, and it was not until the Eighteenth Century that substantial advances were 

made in the accuracy of observations for position 
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clock that would keep good time on board ship was still entirely 
lacking, so the only method available was the substitution of a 
celestial time-piece, in which the fixed stars should act as numerals 
and the Moon as the moving hand It was here that the help of 
the astronomer was so urgently required, for the motion of the 
Moon IS subject to many variations of a complex character {see 
Chapter V), and no tables were then available which would pre¬ 
dict its position accurately for any given time Therefore, the 
establishment of observatories for the study and prediction of 
the Moon’s motion became a matter of national importance 
The foundation of the State observatories of Greenwich and 
Pans, in 1675 and 1676 respectively, marked the opening of this 
new epoch of professional Astronomy 

From the point of view of the science itself this was of great 
importance Hitherto astronomical research had been left 
largely to individual enterprise, occasionally assisted by royal 
patronage in certain countries Now, for the first time. Astro¬ 
nomy was found to be of sufficient practical importance to war- 
rant public subsidy The latter resulted in an almost immediate 
^ .^ impetus 
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ment, for, is an example (too laic ni some 
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tronomer iinolved an increase m the accuracy 
of theory and observation, and, on the other 
hand, funds were now available for the im¬ 
provement of the necessary instrumental 
equipment This was enormously to the 
benefit of exact Astronomy, which made far 
greater strides in the two centuries following 
the foundation of Greenwich Observatory 
than it had done in the two thousand years 
prior to 1675 Thus, then, was the Astio- 
nomy of position set fairly upon its feet, 
chiefly through the fortunate circumstance 
that it happened to be of practical importance 
from a national point of view Meanwhile, 
however, a new and important branch of the 
science was being born The astronomical 
telescope, as introduced to the world by 
Galileo, was a very imperfect instrument 
from the qptical point of view, and, as we 
have seen in Chapter I, its development was 
at first very slow In consequence, although 
its power of magnification made it a very 
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Ihis lb an example (too laic ni boint 
couulnts) nt an obscrvaloi> devoted 
mamlv to the use and ins true lion oi the 
gciieial public Well equipped and eu 
dowed, it IS provided with an evpcneueed 
curator, who manipulates the telcbcope 
and dunonstiates to vibitois the chief 
objects of luteiest m the heavens 


Fiom “ Astronomy f 01 4.1! ”] [By permission of Messrs Cassell <5* Co, Ltd 
HEVBIylUS OBSERMNG WITH A QUADRANT 
Instruments of this type weie in manj wajs more convenient 
Ilian the old astrolabe, and were very popular m the Seventeenth 
Century Flamsteed, the first British Astronomer Royal, used a 
sextant, equatonally mounted, at Greenwich The telescope had 
now been invented some time, but its value as an aid to precision 
in measurement was not quite fu]l> realised, and Hevdius and 
others still adhered to the old method of bare sights 
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useful pointer for instruments designed to measure small angles, it failed in those qualities which 
would have made it suitable for studying in detail the appearances, as distinct from the positions, 
of the heavenly bodies It was not, in fact, until late in the Eighteenth Century that the great 
development of the reflector by Herschel and others, and the discovery of the achromatic principle, 
made the serious study of Physical Astronomy at all practicable 

The arrival of the large telescope had, naturally, a profound influence on the general progress of 
the science, but at this point the 
professional astronomer found 
himself in a somewhat difficult 
position However much he 
might desire to evplore the 
heavens with the improved in¬ 
struments now available, he had 
to remember that his primary 
obligations were concerned with 
the accurate determination of 
celestial positions, for which 
telescopes of great size were not 
really necessary Under these 
circumstances the expenditure 
of public money on large tele¬ 
scopes was not easy to justify 
to the satisfaction of those m 
authority Moreover, the staffs 
of most State observatories 
were small, and their available 
time was already fully occupied 
with routine work What was 
wanted was a new type of 
observatory which could be free 
to devote its time and resources 
to the pursuit of the new 
Physical Astronomy without 
being tied down to work that 
must yield purely practical re¬ 
sults This want soon began to 
be supplied by Universities and 
similar institutions, which under¬ 
took the erection and control 
of several large observatories 
with no other aims than the 
advancement of pure science 
and the instruction of students 
therein Such observatories, 
though under the direct con¬ 
trol of the institutions of which 
they form a branch, have in 
many cases owed much to private benefaction, and this applies especially to some of the larger American 
observatories, many of whose great instruments are the result of the munificence of certain public- 
spirited individuals 


[Carl ^eiss 

TBI/ESCOPE OF THE “ tJI-lANIA ” OBSERVATORY, ZURICH 
The “ Urania ” Observatory is equipped with a line twelve inch equatorial refractor, 
of modem make The mounting is of an unusual type, being designed to minimise 
the large lateral movement of the eyepiece that normally takes place during 
observation with a long telescope driven continuously by clockwork This type 
of mounting is very heavy, as it necessitates a system of counterpoising by weighted 
levers, some of which are seen in the illustration 
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There are, then, bioadlj speaking, two types of Public Astronomical Observatory the first, 
State-owned and devoted mainly to the astronomy of position, oi “ fundamental astronomy , tlu 
second, under academic or similai control, devoted chiefly to the physical aspect of the Science But 
It may here be said that theie is no sharp dividing line between the two, as regards the work doni^ in 
them, and this is becommg mcieasingly true as time goes on Thus, on tlie one hand, some of tht‘ 
State observatories have been able gradually to enlarge their staffs and equipment suliiciently to 
be able to include purely scientific research work in then piogramme without having to curtail then 
more “ legitimate ” activities , and, on the other hand, many observatories of the other type luivt 
been able to devote much time to the accurate determination of star-positions for the foimation ot 
catalogues, though not for purposes connected with the practical business of navigation 

The technical control of a public observatory is in the hands of an experienced director, assist chI 
by a staff ot varying (often lamentably small) si/e The directoi, who in the case of a University 
Observatory usually holds also the professorship of Astronomy, may himself take an active part in 
observational work, though much of his time is often taken up by the responsible duties ot 

administration, and 
the examination *uid 
publication of tlu^ le- 
sults obtained at tlu 
observatory Ihe as* 
sistauts work uiulei his 
diiection, one oi luon 
being allotted, in tin* 
case of a laige obsiu 
vatory, to each of tlu 
principal insti uiiuuits 
As a lule, a cm tain 
amount of roulnu 
work IS done', accoid 
mg to the prograinnu 
adopted by tlu' cint'c 
tor, but, m piactui*, 
the more ('xpenemed 
«issistants are oftiMi 
allowc'd, and even (‘U- 
couraged, to puisut 
special invc‘slig«ition'^ 

on their own initiative, and the workers in modem observatoiies aie happily far from bc'ing nnueh 
the “ obedient drudges ’’ foi which Pond stipulated m his tidministnilion at Grc'enwich 

In a large observatory the arrangement of a time-table for the obscrveis is not the least iin]>ortiint 
part of the work of the director As has been already noted, much of the work of such an institnlion 
IS done in dayhght hours, and the astronomer, bemg only human, would soon find lus ho«ilth breaking 
down under the strain if he were compelled continuously to '"burn the candle at both ends/’ 
Accordingly, his spells of day and night duty have to be carefully arranged with due regard to this 
aspect of the question Moreover, this fitting in of duties is also of importance fiom the point ot 
view of the various mstmments of the observatory, some of which (especially the larger AmeruMii 
telescopes) require special changes in their adjustment several times in the twenty-four hours to 
render them fit for different kmds of work Thus, for instance, the great forty-mch Yorkes refractor 
may be used on the Sun m the day-time, a spectro-heliograph being attached for the purpose In tht" 
evenmg another astronomer requires the telescope for the determmation of the radial velocities ot 
stars, which means the substitution of a stellar spectrograph Later still the same night yet another 
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A PUBLIC OBSBRVAIORY IN BPJRXvIN ’ 

This observatoiy is designed for the same uses as that at /uiich in Swilzcilaud (icinitiny and 
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observer wants the instrument for direct photography (see illustration on page 44), or perhaps for 
the visual measurement of double stars It will readily be understood that the arrangement of work 
m such a way as to be most convenient for astronomer and instruments, with due regard to the best 
interests of research, is far from being an easy matter 

As for the exact nature of the work done by mdmdual observatories, apart from the rough 
general division of type already mentioned, this is determined in its details by many factors, chief 
among which are the situation of the observatory, the character of its equipment, the size of the 
staff available, and the scientific inclinations of the director and his assistants All these are of 
sufficient moment to deserve special 
mention 

The choice of a suitable site for the 


erection of an observatory is of great im¬ 
portance from the point of view of the 
work to be undertaken in it Climatic, 
that IS to say atmospheric, dilhculties are 
among the greatest with which the 
astronomer has to contend The value 
of nearly all astronomic<il work suffers if 
observations cannot be c ai necl on with 
reasonable coiitmuity, <ind for this 
reason districts much alfetted by cloud 
and fog (as in low-lying i egions near the 
sea in some parts of the world) are the 
least suitable as regards the numbei of 
hours available for obsi'ivalion m the 
year Another thing to be avoided is the 
proximity of large towns, whose smoke 
obscures and whose' lights illuminate the 
night sky Vibiation, too, caused by 
heavy traffic or tlu' woiking of machin¬ 
ery close by, IS apt to interfere with the 
more delicate obseivations, and even 
with the very adi list ment of some instru¬ 
ments Some of the older obsc^'fvatorics 
have to put up with such tlungs, having 
been built in their preseil/positiotis for 
various good reasons unconnected with 
the objections here mAitiohcd,, a,nd it is 



n^otoh, 


not always easy or expedient to effect obsbrvxxory domes 

-i n , 1 4 : 1 A dome, 01 lotating loof, of an obseivatoiy may take seveial foinis, 

me DOQliy removal ot a large and. and m this, ab m the buildmg itself, it is often possible to combine architec 

long-established institution Of late liiial elegance with piactical utility Most modern domes are approximately 
■, X 1 X hemispheiical, but the simpler “ dium ” form, illustrated on page 153, was 

years, nowever, triere lias been a strong much us^d about the middle of last century, and is still occasionally to be 

tendency, in the erection of new obser- Examples are to be found at the Royal Observatory, Edinburgh, 

, X -L , ., ^^d the Eowell Obseivatory, Flagstaff, Arizona [see page 322) 

vatories, to choose sites with a very 


careful eye to their suitability from a climatic point of view In this the height above sea-level is one of 
the most important points to be considered and many modern observatories have been built on or near 
the summits of fair-sized mountains, or on plateaux of considerable altitude The effect of this is to 
raise the observer well above the level of the grosser clouds, fogs, and dust-haze, giving him a large 
percentage of those dark transparent nights which are so essential for the visual and photographic 
study of the fainter stars and nebulse But mere transparency (that is, freedom from cloud and 







Photo hy\ \Mouwt Wilsmv Obsotvaiory 

A I^GE DOME UNDER CONSTRUCTION 


Tlie dome of a laxge modem observatory generally consists of a skdeton framework of sted girders, over which is lard a 
covering of metal or papier mach^ sheets Such a structure may be very heavy, weighing anything up to a hundred tons and 
requirmg the use of electric motors for its rotation The photograph above was taken during the construction of the 
observatory covenng the sixty-mdbi reflector at Mount Wilson, illustrated on page 525 



Photo by\ [Yerkes Observatory 

the “BURNHAM” DOME AT YEREES 

covets the httie six-mch telescope with which Burnham discovered 461 double stars, is so constructed as"to 
™ aperture for obser^mg It consists of two quarter-^lieres of di^^tly unequal size, one within 

e otner, and both rotatmg mdependently This is a very convenient type of dome, especially for observ£|.toiie8 of or 

moderate size 
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haze) IS not everything, for on the clearest nights the images of stars may be greatly disturbed by 
atmospheric currents of different temperatures and densities, as evidenced by violent twmklmg On 
such nights it is impossible to do work requiring the use of large apertures and high powers, such as 
the measurement of very close double stars Therefore, if such work is to be done, a site must be 
chosen wherein such effects are likely to occur as seldom as possible The factors makmg for steadiness 
of telescopic definition are even now not thoroughly understood, but it is known that height above 
sea-level, angle of slope of neighbouring land, proximity of warm sea or snow-covered peaks, and 
character or lack of surrounding vegetation all produce their peculiar effects in this connexion Often 
it will be found that the atmosphere m a particular place is more steady m the day-time tban at 
night, or vice versa, and such differences are obviously important where a study of the Sun is to be 
the main work of the observatory 

Of the equipment of an observatory, in its influence on the choice of work to be done, little need 
be said Of course, where money is no object, the choice of mstruments is dictated solely by the 


Photos by] ^ RISING FI,OOR 

The eyepiece of a large telescope is constantly assuming diffcient heights above the giound This noimally 
necessitates the use of cumbeisome stcii-laddcis or observing platforms thtit must be wheeled about the 
observatoiy To obviate the inconvenience of this Sn Howard Giubb introduced the using floor, whose 
height can be adjusted to suit that of the eyepiece, as shown in the three sections of the illustration above 
In small sizes the elevating appaiatus can be woikcd by hand 

of astronomical research, such as the spectroscopic study of faint stars and nebulai, and the determina¬ 
tion of stellar parallax, demand the use of very large and well-mounted instruments, and would be quite 
beyond the capabilities of an observatory whose chief telescope was, say, a twelve-inch visual refractor 
Fortunately, however, there is in astronomy a large amount of useful work available for instruments 
of moderate aperture , in fact, one might almost say that sufficient work could readily be found to 
keep a telescope of any size, however small, in constant and profitable use Several examples of the 
kind of work that is actually done with very modest apparatus will be found in the description of a 
few typical observatories which follows later 

The question of the size and nature of the staff available for the working of an observatory is 
clearly of the first importance Indeed, it may truly be said that to most directors it is the most 
vital question of all Certainly some modern observatories are heavily endowed, and are therefore 
relatively but little affected in this respect, but in the majority the handicap is felt severely It is 
a tragic, but only too common, thing to find an observatory seriously hampered or even practically 
crippled in its work merely through the need of an adequate staff, and, under such, circumstances 
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the heroic manner m which a single assistant will often labour steadily on, tiying to do the w ork o 
two or three men, must command our highest adnmation Clearly it would be unreasonable to expec 
a continuous and rapid output of results from an mstitution so situated, and the lelativc inactivit" 
of many an observatory is no discredit to the miserably small staff which works theiein And, i] 
such cases, it is not only the work that suffers, but the mstiuments as well A telescope, with it 
mountmg, is a delicate piece of mechanism that requires constant attention if it is to be efficient in it 
working , it cannot but detenorate as a result of forced inactivity To an astronomer it is a patheti' 
sight to see a fine mstrument steadily lapsing into a condition of complete uselessness, but, unhappily 
there are many observatones in which such a sight may be seen Persons of means who aie interest c< 



THE RISING FnOOR AT YERKES 


litrKis uosi,ri att\r\ 


Tha IS tte laipst stracture of its kind in the world and. is ustd in connection with the foity nich rcfinttoi Isiaih 
fret in dian^er md weighing 37.J tons, it is actuated by powerful jncCh.uiuni imdu the eonliol of the ob‘-ti\ei Tlii 
^otot^h^ maMm^ hcnghl, reaOnng nearly to the top of the gieat steel pedestal of the numiut 

The photograph on page 41 gives a view of the floor m its lowest position, evpobing nearly the whole of the peiUstul 


m the welfare of pure science might do worse than consider the condition of some of our pooio 
observatories 

The inclmations of the director and his staff have naturally an important bearing on the chara-cto 
of the work of an observatory Of course, in a State observatory there is always a considcrabl 
amount of routme work whose character is determmed by tradition and necessity, but m all otlic 
obs^atones the director has practically a free hand This is as it should be, for good results ar 

® ® ^ obtained from work which commands the genuine interest and enthusiasm of tlios 

WHO do It Thus it sometimes happens that a change m the staff of an observatory brings abou 
a coiTKpondmg change m its programme of work Then, too, the development of Astronomy brinti 
mth It new Imes, new methods, and new instruments of research, and a progressive director wiT 
aa far as possible, adapt his programme and equipment to meet them 
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(,RI^h:NWILir OBSERVATORY IN TEAMSIKED’S IIMF 
The original iHuldmgs of (Greenwich ()bsciv*il()iy, erected by older of Charles II m 1075-7b, weie designed by Sii Christopher 
Wieu The Obsei vatoiy w<is lounded foi the puipose of studying the motion of the Moon and the positions of the fixed stais, 
as an aid to mivigation Klainstced was appointed lirst Astionomei Royal, at a yeaily salaiy of one himelred pounds, out of 
whieh he was expected to piovide himself with the instruments nceessaiy foi the obseivations rcqiiiied 


Observatories of the types so lar considered aic generally referred to as public/' but perhaps 
it IS well to point out that this means no more than that they are not owned or controlled by private 
individuals Members of the genenil public who are interested in scientific matteis are apt to be 











C.RrCBNWICH OBSERVATORY TO-DAY 

Since the time of Ilamsteed the Obscrvatoiy has undergone very consideiable extensions, both m its structuic and m the 
scope of its woik At the northern edge of the hill, on the right, Wren’s building still stands, the expansion of the Obsei vatory 
having taken place mainly m asoulheily dncction In comparing this view with the old one, it is interesting to note that 
the same footiiath still exists, and also even some traces of the teriaccs to the left of the picture 
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disappointed to find that they are debarred 
from ‘'having a look*' through the tele¬ 
scopes of our large observatories, especially 
those to whose support the tavpayer con¬ 
tributes Such disappointment is very 
natural, but a glance at the other side of 
the question will show that no real grievance 
is involved A large observatory exists for 
the purpose of serious scientific research by 
quahfied workers and is not intendi^d to be 
a public peep-show The admission of all 
and sundry for the purpose of “ seeing the 
sights" of the heavens would involve not 
only the cessation of regular work witli one 
or more of the telescopes, but also, what is 
even more to be avoided, the diversion of 
members of the staff from more important 
occupations, for, where delicate* and com¬ 
plicated instruments are concerned, e\p(Tt 
supervision and demonstration would bo 
absolutely necessary The s<Lme thing ap- 



By pefmm%on of the Astronomer Royal] [hfom “ Knowledge * 


THE) “SOUrH-F.AST’» DOMIC, (^RUICNWICII 
This dome covers the twenty eight-inch icfiactoi, the hugest visual 
instrument at Greenwich It is of an unusual sliape, foiming more 
than a complete hemisphere The “bulge” thus caused was 
necessitated by the mounting of a longer telescope withm the same 
octagonal brick buildmg that was originally designed and used for 
a refractor of only twelve and threc-quartei inches aperture The 
dome IS m two halves, so that bv sliding open the double shutteis iL 
section of the sky is presented that leaehes from horizon to horizon 



Brom “ llu Royal Observatory,*^ by L W Maundtr] 
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Tim “NlvW BUILDING” AT (rRimNWICH 
This, the most modem poilioiiof Oieeiiwieh Observatory, was only 
tiecled alxmt thnty jcais ago, *iu(l is situ.ile<l at the south end of 
the grounds It is a eiueitonii building, eonsistmg mainly of oftiees, 
stoie-ioonis, tU , «md mueh ot the (laylight, or “ desk ” work, is 
(lone m it The dome whieh suimouiitb the ecutial portion eovers 
the laige “ Thompson ” photogiaidne cciuatoiml, parts of whieli 
au illustiated on pages 54 and iO*) 

plies, to some e\t(*ut, to the mere day- 
I light inspection of tlu* interior of an 
()l)sc‘ivat()ry, espochilly by large numbers 
of ]>eisons at om* time, for a single touch 
by an unskilled hand may give much 
trouble by distuibing the adjustments of 
('eitain instrunu*nts, oi may even cause 
])t‘iinanent danitige Ihe st‘tting aside of a 
special telescope, complt‘te with "show¬ 
man," for the* use of the public, would 
no doubt meet the difhculty, but few 
obscuvaioiies aie so well endowed as to be 
able (‘ven to think of such a thing How¬ 
ever, notwithstanding what has here been 
wiittc‘n, it may be* said that individual 
membeis of the* public can, if they are 
genuinely interested, often obtain special 
permission to inspect the instruments of an 
obseivatory during daylight hours For 
such permission written application must 
always be made to the diiector, and this 
provision is a wise one, since the slight 
personal trouble involved th(*reby to the 
applicant is some guarantee* that his atti¬ 
tude IS not merely one of idle curiosity 
There still remains the question of 
public facilities for actual observation 
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That such facilities do really exist may be a surprise to many persons in England and elsewhere They 
are not, however, nearly so commonly provided as they should be In this matter the United States is 
well ahead, and quite a number of public observatories have been established in different parts of 
the country during recent years Great Britain, however, is very poorly served in this way, and only 
in a very few places can persons view the heavens with a telescope as part of their civic rights This is 
greatly to be regretted in a country that has produced so many astronomers of renown That there are 
difficulties, largely of a financial nature, in the way there is no denying Good telescopes are ex¬ 
pensive things to buy (though they cost little to keep in good order), and the purchase of a suitable 
site and the erection of an observatory add Very considerably to the bill Even this is by no means 
all, for there is the cost of painting and 


general upkeep to consider, and last, but 
perhaps most important of all, the employ¬ 
ment of an expert curator who shall always, 
or at stated times, be available to act as 
demonstrator and instructor to the en¬ 
quiring visitor Instances have occurred 
where well-meaning private individuals have 
given or bequeathed a good telescope to the 
municipal authorities of the town m which 
they lived, but their failure to provide for 
its future on the lines indicated above has 
seriously detracted from the value and use¬ 
fulness of the gift Later on a few ex¬ 
amples of the really public " observatory 
will be referred to, but as has been said, 
these are lamentably few and far between 
As matters stand the only advice that can 
be offered to those who are extremely 
anxious to look through a good telescope 
at the stars is to get into touch with the 
nearest amateur astronomer possessed of the 
necessary equipment, and to request the 
favour of a view through his glass It is 
most unlikely that such a request will 
be refused, for every astronomer worthy of 
the name is always glad within reason to 
share with others genuinely interested some 
of the delights of his own pursuit 

This brings us to yet another kind of 
observatory, namely, the private establish¬ 
ment of the amateur It is not perhaps 
generally realised that quite a considerable 
amount of original research work in astro¬ 
nomy has been and is still being carried on 



Tim THIRTY-INCir KlUTylvCTOR AT GRI^UNWICH 
This IS a phologiapliic insliunieiit of slioil locus, mounted on the 
“ Ihompson ” cquatoiial It has been used piincipally for the 
photogiaphy of comets and faint satdhtcb With it the Eighth 
Satellite of Jupitci was discovered in 1908 by P JT Melotte 
Pyxaniplcs of its woik on comets will be found among the illustra¬ 
tions of Chapter X Ihe minoi itself was made by the late 
Di A A Common 


by non-professional observers Naturally, the observatories of the latter are in most cases on a far 


more modest scale than those erected and maintained by Universities and other public bodies The 
possession of considerable wealth has here and there given rise to exceptions, as m the case of the late 
Earl of Crawford, the late Dr Lowell, and a few others, but the great majority of amateurs have to be 
content with a very modest equipment, more often than not consisting of a single small instrument 
mounted without a cover in the back garden The type of w ork undertaken vanes, of course, with each 
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observer but the general directions in which it usually lies have been sulficiently described in. 
Chapter XX It will ha^ e been noted that there is but little overlapping with the work of the public 
observatones, the general tendency being to concentrate on observations that do not demand the use of 
large and costly apparatus of great precision, or the expenditure of an excessive amount of time The 
latter is of some importance, where, as generally happens, the observer is already fully occupied with 
business or profession during the day 

Several English public schools possess observatories, or at least telescopes, of some soit, intended 
for instructional purposes They are usually under the technical control of one of the science mastois, 
and it may be said m general that their usefulness largely depends on the enterprise and enthusiasm 
of this mdmdual Boys, if sufficiently encouraged, take readily enough to the practical study of 
astronomy, and m some schools full advantage is taken of the facilities provided In others, 
unhappily, the reverse is the case, owing generally to lack of mterest on the part of those in authority, 
and the mere presentation of a telescope to a school will not guarantee its use A boy recently 
mformed the writer that he was quite unaware of the very existence of the finely-equipped obsei vatoiy 
possessed by the public school at which he had spent many years ’ Apparently no one on the staff 
cared a bit about astronomy and so no efforts were made to aiouse the interest of the boys The 
tragic part of the matter is that disuse leads mevitably to decay, and no doubt one of these days, when 
a science master is appomted who has a taste for astronomy, he will find the telescope and obscrvatoiy 
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THE GREENWICH TWENTY-EIGHT INCH TEEESCOPE 
refractor m the Bntish Empire It is earned by a mounting that was designed by Airy foi an mstinment 
o ^ than half its aperture and is driven by a water turbine The object glass is capable of being adapted foi photographic 
work, ana at one time the telescope was fitted with a spectroscope It is now, however, used almost entirely for the visual 

measurement of close double stars 
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quite unfit for 
use 

Reverting 
now to obser¬ 
vatory work, 
both profes¬ 
sional and ama¬ 
teur, it may be 
asked to what 
extent it is or- 
ganised and 
co-ordinated, 
and how its re¬ 
sults are made 
available for 
correlation in 
the interests 
of the science 
as a whole 

A century 
or so ago the 
condition of 
affairs from 
this point of 
view was a 
lamentable one 
Plenty of good 

work was being done, but in water-tight'' compartments Each observatory woiked in almost 
complete isolation and independence, <md there was little oi no attt'inpt to co-ordinate ieseaj.ches 
or to make possible the public discussion of results This was a definite bar to progress, much valu¬ 
able time being wasted on the useless duplication of various pieces of work, while investigators wcie 
hampered by their ignorance of important results obtained at other, observatories hoitunately, 
matters are very different to-day For one thing, the great impoitance of the regular publication 
of results is now generally realised and a continuous exchange of thest^ lecords takes ])lace between 
all the more important observatories Then again, the inteichange of views is facilitated by 
the existence of many astronomical societies, where papers on various subjects are read, discussed, 
and published The existence of such societies is especially valuable to amateurs (who, as a rule, 
greatly outnumber the professional members) for it secures the publication of their woik, which 
they would in most cases find impossible at their own expense Then there arc various peiiodicals 
devoted either paitly or wholly to astionomy, and these contain accounts of special lesearches, 
reports of meetings, reviews of publications, and current scientific news of geneial inteiesl to the 
astronomer All this helps to keep him up-to-date, and well informed as to the activities of others, 
and the general progress of the science The rapid ciiculation of urgent items of astronomical news, 
such as the discovery of new stars or comets, is secured by the issue, to subscribers all over the world, 
of telegrams from a central bureau at Copenhagen This system has proved most valuable in operation, 
for it ensures early and widespread observations of temporary phenomena, and minimises the risk 
of failure attributable to cloudy weather 

Quite recently there has come into existence an organisation which should prove of gieat value 
to astronomers in the future It is known as the International Astronomical Union, and, as its name 
implies, is a composite body representing the interests of many different countries Each nation 


I fom I He Koyal Ubstrvafory, by L W Maiuidtr\ [ihc Iract i:>ociety 

THIv CHRONOMHlIvK 0\h)N 4T C.RMvNWICH 
The Icstin^ji c)l mtiinic chumonictcis has loi hm^ been iUi iniptnhml featuie of the woik of the Royal 
Obstivaloiy It is essential that the eompensatioii ol the^e instiununts bliould be equal to the great 
ehaiiges of tempenituie to whieh they may be subjeeted dining long voyages thiough vailous latitudes 
noi this leason pait of then testing is earned out in aitilieiallv heate<l ovens of the ineubaloi type 
A lefiigeratoi is also avaihdile lor the same pin pose 
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IS represented by some 
of its more prominent 
astronomers, and gene¬ 
ral meetings are held 
every three years in 
various important 
centres in different 
parts of the world 
Broadly speaking, the 
aims of the Union are 
the co-ordmation of re¬ 
search and the securing 
of co-operation among 
observers in the best 
interests of astronomy 
as a whole To this 
end special committees 
are appointed to deal 
with each of the princi¬ 
pal branches of work, 
such as the observa¬ 
tion of the Sun, Vari¬ 
able Stars, Nebulae, etc 
Each committee is 
under an expert chair¬ 
man, whose triennial 
report on work accom¬ 
plished serves as a basis for correlation and shows in what directions further investigations arc required. 
The Union also acts as a useful medium for the international standardisation of astronomical measure¬ 
ments and nomenclature , and last, but not least important, it has the control of certain funds for 
use in aid of research 

Before proceeding to the description of particular examples, something may be said regarding the 
general structure of an astronomical observatory, the following remarks applying more specially to 
the large public institutions Speaking generally, the buildings of an observatory are of two kmds, 
depending on the nature of the work carried on in each First come the buildings which justify the 
name given to the whole collection, namely, those in which actual observations of the heavenly 
bodies are made These are usually constructed substantially of brick or stone, and may either be 
incorporated in the main body of the observatory or distributed as separate units in different parts 
of the grounds, the latter being now the more common arrangement In either case one of the most 
important points to be considered is the stability of the foundation on which the actual instrument 
stands Powerful and delicately adjusted telescopes must be secured as far as possible from the 
effects of vibration if they are to perform in a satisfactory way, and it would be impracticable, quite 
apart from their weight, to mount them on wooden floors, for, if this were done, not only would 
the adjustments be constantly liable to derangement, but the instrument would quiver perceptibly 
in response to every movement of the observer or even of persons in other parts of the buildmg 
Therefore it is necessary to provide a firm base in actual connection with the ground itself Such a 
base IS usually constructed of brick, stone, or granite, starting well below the general level of the 
ground, and carried up to the desired height In the case of telescopes mounted at the top of 
buildings, this involves the erection of a massive pillar passing up through the several floors without 
being allowed actually to touch any of them Also the floor of the observing room itself must be 
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THE COURTYARD, GREENWICH OBSERVATORY 
In the foreground, just to the left of the centre, is the buildmg (with white vertical shutter) 
which contains the Transit Circle To the right of this is the oldei Transit Room of Bradley, 
now used for the testing of chronometers On a higher level two domes are to be seen The 
nearer, and smaller, covers the little Sheepshanks equatorial of six and three quaiter inches 
aperture, the largest refractoi in the Observatoiy up to 1860 Behind it is the gieat dome 
of the twenty-eight-inch equatorial 
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cut away sufficiently to avoid contact with the pillar Now comes the question of the roof or covering 
of the observatory, for it need hardly be pointed out that in practically all climates delicate instruments 
require a covering of some sort, at least when not m use But it must also obviously be of such a 
kind as to allow of being opened to the sky when observations are to be made , and here it may be 
remarked that what is to be aimed at is the maximum degree of possible exposure that is consistent 
with the protection of the telescope and observer from excess of wind and dew during work 

It IS no part of the functions of an observatory roof to raise the temperature within to a “ com¬ 
fortable level, for experience has shown that telescopes perform best when the least possible difference 
exists between inside and outside temperatures, and the observer must clothe himself accordingly 
As to its construction, the roof takes, in general, one of two forms Where it covers a transit instru¬ 
ment a series of straight shutters (arranged m one line on north and south walls and overhead) is all 
that IS required in the way of an opening, since the telescope can only be pointed to objects on the 
meridian Any sort of roof that allows of this, generally of wood, will suffice, so that its construction 
may be simple and inexpensive However, the majority of astronomical instruments are so mounted 
as to be available for the study of objects m all, or nearly all, parts of the sky For these a single 
shutter in a fixed position would obviously be insufficient, indeed, a large number of separate shutters 
would be almost equally bad, since the necessary divisions and supports between them would be 
constantly interrupting observations of the stars as they are carried steadily across the sky by the 
rotation of the Earth The difficulty is got over by making the whole roof revolve m one piece on 
rollers or cannon balls, which revolve on a circular rail or trough fixed to the walls of the observatory 
Of course, with such an arrangement only one opening is needed, though it must be a long one, reaching 
from the base of the revolving roof up to or, preferably, rather beyond the zenith Provided that its 
base is circular, such a roof may be of almost any shape In the earlier days of observatories it often 
took the form 
of a wooden 
** drum,” as 
this IS a 
shape that is 
easy of con- 
struction, 
thoughneither 
ornamental 
nor economi- 
calin the 
matter of 
material re¬ 
quired Now¬ 
adays, how¬ 
ever, a more 
or less hemi- 
spherical 
form of roof 
is nearly al¬ 
ways adopted 
and the 
'' dome ” is 
perhaps the 
most charac¬ 
teristic fea¬ 
ture whereby 



THE ROYAI, OBSERVATORY, GREENWICH 

This illustration gives a view of the more modern portions of the Observatory, as seen from Wren’s oiigmal 
structure In the distance is the Thompson dome, on the New Building Tow down among the trees is the 
Altazimuth dome Nearer still are successively the domes covering the twenty eight-inch refiactor, the 
little Sheepshanks equatorial, and the Astrographic telescope The white vertical shutter, at the left 
of the nearest block, belongs to the room co^tammg the transit circle, and marks the meridian of Greenwich, 

or longitude 0° 
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an observatory may be recognised as such from the outside Such domes may be made of wood, but 
more often consist of a skeleton framework of steel covered with metal plates or sheets of papier- 
mache, the latter to minimise the weight A system of geared wheels, often worked by an endless 
rope, IS provided on the inside for the rotation of the dome by the observer In the case of a laige 
dome, weighing perhaps several tons, the constant necessity of rotating it by hand entails a considerable 
amount of really hard manual labour on the part of the worker or an assistant, in consequence, many 
modern domes are moved round by an electric motor, which greatly adds to their convenience in use 
Another modern aid to comfort in observmg is the rising floor, invented by Sir Howard Grubb In 
the absence of this device high step-ladders or adjustable platforms on wheels have to be provided 
to enable the observer to reach the eye-piece in various positions of the telescope , but, where the 
entire floor of the observatory can be moved up and down by hydraulic or electric power, such 
cumbersome pieces of furniture can be dispensed with When about to commence work with an 
equatorial, the observer first of all winds up and sets in motion the clockwork dnving-mechanism 
of the telescope Then, with a knowledge of the sidereal time, and the right ascension and declination 
of the object to be studied, he pomts the telescope in the desired direction by means of the divided 
circles attached to the mounting and puts the clockwork in gear with the polar a\is The next thing 
to do IS to rotate the dome until the shutter is brought opposite to the object-glass , and, last of all, 
the shuttei is opened and all is ready for the observer to take his place at the eye-piece 

The above remarks with regard to housing and manipulation apply chiefly to telescopes of the 
orthodox equatorial form, but it should be noted that for instruments of special design g , Coude, 
Littrow spectrograph, tower telescopes, etc) different arrangements have to be made, and some of 
these will be described later on 

In addition to those buildings in which actual observations are made, there aie usually otliers 
of a different kind, and hardly less important These include offices in which computations and 
other kinds of desk-work are done durmg daylight hours Generally, too, there will be a library 

and some 




rooms for the 
storing of 
photographs 
and written 
records, and, 
in the case 
of a Univer¬ 
sity obseiva- 
tory,probably 
a lecture- 
room as well 
Not the least 
important 
part of an 
observatoiy 
in which as- 
trophysical 
work is done 
is a well- 
equipped 
laboratory, 
wherein spec¬ 
troscopic and 
other expen- 
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mental work can be undertaken on the 
lines explained in Chapter XII Finally, 
most large observatories are provided with 
a good workshop in which instruments can 
be adjusted, repaired, modihed, or even 
entirely constructed independently of out¬ 
side aid 

The notes which follow, giving some 
details of the principal equipment and 
work of some typical modern observatories, 
may serve to give the reader an idea of the 
methods in daily use by astronomers 
throughout the world m various lines of 
research The order adopted, which is 
roughly geogiaphical, is not necessarily an 
index of relative importance Moreover, 
many famous observatories have had to 
be omitted altogether thiough lack of 
space, and the desciiptions of those in¬ 
cluded are foi the same leason far from 
complete 

It IS, pel haps, natural to start with the 
Royal ObscTvatory, Greenwich, which for 
so long stood almost alone, and which is 
universally regarded as the prototype of 
the modern observatory We have already 
seen how it was founded', in the first in¬ 
stance, for the sole purpose of “ perfecting 
the art of navigation'' , and this pur¬ 
pose, steadily kept m view since its 
foundation, is still the primary object of 
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1 rom “ Iht Koval Obstivaloiv,'' by L ]]■ Mauudti J 

I riic Kchgiou^ had Soinly 

KivAMvSnci-j) iiousr:, oniq^NwiCH 

a his IS a view, fiom the touil^aicl, of the oldest pail of the Rojal 
Ohscivutoij The poition licic seen consists chicUy of the old 
“octagon loom,” on the lool of which aic moimltd the iJvind 
insluuncnls «md lime lull On a lowci level iic the smallci living 
looms, inciciiscd in nuinbei lioni time to tunc, which compiise the 
ollKial Ksidcncc of the Astionomci Royal Ihc whole building is 
appiopnatcU named aftci tlu lust holdci of this title 


the observatory It is true that the great iiicicase in the speed of ships and the advent of wiie- 
less telegraphy have made the navigator much less dependent on the astronomer than was the 


case two, or even one, hundred years ago , but the Nautical Almanac rs still a necessary part of the 
equipment oi every ocean-going vessel, and the positions of heavenly bodies sot down then cm depend 
on observations made regularly at Greenwich Navigation is fiiitlu'r aided at the obseivalory by the 
testing of marine chronometers and by systematic study of tcriestrial magnetism 

The most important instiumcnt at Greenwich, at any rate from a utilitarian point of view, is the 
eight-inch transit-circle, with which the positions of the Sun, Moon and “ clodk-stars ” arc determined 
for the Nautical Almanac, and with which time is obtained for distubution, as evplaincd inChaptcrXIX, 
where the instrument has already been suthciently described It may here be noted that the observa¬ 
tions made with it are a good deal more precise than is necessary for purposes of navigation, and 
they provide the material for standaid catalogues which are of the greatest value foi various purposes 
of exact astronomy In the case of observations of the Moon (for position) the transit-circle is supple¬ 
mented by a somewhat similar instrument of the same apertme, the altazimuth, so called because 
it is capable of movement in azimuth, or horizontally, as well as m altitude, or vertically By its 
means the crescent moon, which can only be observed m daylight (and therefore inconveniently) 
with the transit-circle, can be dealt with in a dark sky when far removed from the meridian These 
two mstruments, the transit-circle aiid the altazimuth, aie the only two that can be said to have a 
direct conn^ijuon with na\ igation, and they represent the traditional part of the work of the Observatory 
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In the course ot time, however, and more especially during the past iorty years, the equipment 
has been greatly increased in several directions and many branches of work are now undertaken 
with objects that are less severely practical than the finding of the so-much-desired longitude at sea ” 
Several domes, small and large, in different parts of the Observatory, bear witness to these 
extensions of its activities At the extreme south end of the grounds is a large cruciform building, 
consisting chiefly of large rooms devoted to desk-work,'" storage, and similar purposes, but 
surmounted centrally by a dome which covers what is, in the matter of size and efficiency, the most 
important instrument at Greenwich This is the Thompson Equatorial, a composite instrument 



From * Star-gazing rg Lockyer 

THE NEWAEE TELESCOPE, CAMBRIDGE 


Tins great instrument, of twenty-five inches aperture, was originally constructed for the 
late Mr R S Newall, an amateur of Gateshead, in 1868 It was then the largest refractor in 
the world Eater it was presented by its ownpr to the University Observatory at Cambridge, 
where it is now used for photographing stellar spectra It is some time since any visual 
observations were made with it 


consisting of several 
different telescopes at¬ 
tached to the same 
mounting One end of 
the declination axis car¬ 
ries a twenty-six-inch 
photographic refractor, 
which IS used principally 
for the determination of 
stellar parallaxes {see il¬ 
lustration on page 54) 
Attached to this is a 
visual refractor of twelve 
and three-quarter inches 
apertuie, formerly 
mounted alone in an¬ 
other dome, but now 
used as a guiding-tcle- 
scope"" for the twenty- 
six-inch A nme-inch 
photographic refractor 
for solar work was also 
for many years mounted 
on the opposite side of 
the tube of the paiallax 
telescope At the other 
end of the decimation 
axis, and acting as a 
counterpoise to the three 
instruments already 
mentioned, is a tlmty- 
inch photographic reflec¬ 
tor, of short focus This 
IS used for various pur¬ 
poses, including the 
photography of comets 
and faint satellites By 
its means the Eighth 
Satellite of Jupiter was 
discovered by P J 
Melotte in 1908 A spec¬ 
trograph is-i^ttached to 
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this instrument, but stellar and solar spectro¬ 
scopy, at one time an item in the Greenwich 
programme, are no longer part of the regular 
work of the Observatory 

Proceeding northwards from the direction 
of the New Building, and passing on the way 
the small isolated dome covering the Altazi¬ 
muth, we come to the older portions of the 
Observatory, situated at the northern end of 
the grounds At the southern end of the block 
IS a three-storeyed octagonal brick building, 
surmounted by a large dome shaped somewhat 
like a ''puff-ball'', that is, it forms more 
than half of a sphere This covers a refractor 
of twenty-eight inches aperture, the largest in 
the British Empire The telescope, which is 
fixed to the mounting that formerly carried 
the twelve and three-quarter inch refractor 
already mentioned, is capable of being used 
either as a visual or photographic instrument 
by suitable adjustment of the object-glass, 
and at one time a large spectroscope was 
attached to it Now, however, it is used 
almost exclusively for the visual mcasuiement 
of close double stars, a work for which its 
great apeiture makes it eminently suitable 
Farther on in the same block of buildings we 
come to the room in which the transit-circle 
is mounted , and after that, to the office that 
IS the centre of the time department, with the 
room for the testing of chronometers leading 
out of it Beyond this, and on a higher 
level, IS mounted the astrographic equatorial, 
which is of the standard type illustrated on 
page 50 Greenwich was one of the eighteen observatories that undertook, in 1887, to share the 
charting of the entire heavens by means of photography The " zone " allotted to it was finished 
many years ago, and the telescope is being used now for the retaking of a certain proportion of the areas 
previously photographed The comparison of old and new plates, taken with the same instrument, 
makes possible the accurate measurement of proper motions With this instrument and the photo¬ 
graphic telescopes of the Thompson equatorial, photometric investigations have been made in recent 
years in connexion with the standardisation of photographic magnitudes, the method used being 
that illustrated on page 589 Not far from the Astrographic dome is the small drum-like structure 
which covers the photoheliograph, illustrated on page 64 With this little four-inch telescope, whose 
aperture is generally cut down to about three inches, the Sun is photographed on every fine day at 
Greenwich, the scale being eight inches to the solar diameter The uses to which these photographs 
are put have been described in Chapter III 

One more astronomical instrument in regular use at Greenwich is worthy of mention It is 
known as the Cookson floating zenith telescope, after the name of its designer, and is on loan to the 
Observatory from Cambridge Of only six inches aperture and less than six feet long, it would appear 
at first sight incapable of refined work, but this is far from being the case The telescope, which 
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SIR DAVID Gllyly (184)-iqr^) 

Gill was one of the, most skilful and accuiatc obscivcis oi modem 
limes Woikiiig with compaiatively small iiislrumcnts, he 
attimccl a high stancLiid of piccision in liis niLasuicment of the 
panillavcs of Sun and stais Dming liis Iwciily seven years’ 
diiLcloiship of the Cape Obscivatoiy, he devoted much attention 
to e\aet meiidiau and geodetic woik, and he was one of the 
pioneeis of stellai photogiaphic eaitogiaphy 
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rotates, by flotation in a circular trough of mercury, about a vertical a\is, is used for photographing 
stars which pass nearly through the zenith The apparent position of the latter point on the star- 
sphere IS determined with great accuracy by measurement of the photographs, and hence is deduced 
the minute periodic change in the latitude of Greenwich, and other places, caused by the slight 
shift of the direction of the Earth's axis within its substance This shift is so small that at its maximum 
it changes the place of the north and south poles by no more than thirty-five feet from their mean 
positions on the Earth's surface 

The Cookson telescope is housed m a little shed in the courtyard, near to the original 
building of the Observatory This building, to which additions have been made from time to 
time, is called Flamsteed House, after the first of the Astronomers Royal, whose ofiicial residence 
IS incorporated therein The time-ball, referred to in Chapter XIX, is mounted on a turret 
at the top of the oldest, or northern, portion of the building, which is the pait erected by 
Wren in 1675 This portion contains the Octagon room, from the windows of which obser¬ 
vations were made m the very early days of the Observatory ‘ 



xijLis uiici uebuiipLiuii 






THE THIRTY-INCH REFEECTOR AT HEEWAN 
This short-focus photographic reflectoi, presented to the Helwaii 
Observatory by Mr J H Reynolds, has been used chiefly for the photo 
graphy of nebula that are too far south to be visible or easily studied 
in higher latitudes Several of the photographs illustrating Chapter XIV 
were taken with it The original mirror o± the telescope was made by the 
late Dr Common, but the one now in use is by G W Ritchey, who figured 
the sivty- and hundred inch nnrrois at Mount Wilson 


served to give the reader some out¬ 
line of the chief activities of Gi eenwich, 
which is a typical State observatory, 
devoted mainly to the astronomy of 
position There are several other im¬ 
portant observatories in the British 
Isles That of Cambridge is one of the 
largest and possesses features of special 
interest Actually there are two obser¬ 
vatories, the University" and the 
Solar Physics," but both are situated 
in the same grounds, about a mile 
out of the town, and may conveniently 
be described together as if they foimed 
one institution The University Obser¬ 
vatory possesses a fine cight-inch 
transit-circle which has been used foi 
obtaining accurate positions of certain 
stars for catalogue purposes It is 
housed in the mam building, which 
was erected m 1824 In a separate 
building in the grounds is an historic 
instrument, the Northumberland re- 
This was the telescope with which Challis searched 


fractor, of eleven and a half inches aperture 

r vrexo exxt, WlUl WiUCIl 

for Neptune in 1846 at the instigation of Adams and Airy, as described in Chapter IX The mount¬ 
ing and ome are somewhat antiquated, and the instrument is now only used for exhibiting the more 
to members of the University on fine Saturday nights In another part 
of the grounds IS mounted the Sheepshanks equatorial, lUustrated on page 455 As will there 
be seen, it is of a modified “ coude,” or elbowed, form, the rays from the twelve-inch object- 

ThraS/.?^ ^ mirror 

and the obsp^p° telescope remains stationary, except for rotation, 

for visual or r,h 7 ordinary observatory The telescope is available either 

been used for the latter Probably its best work 

plates thus ohtamed T r H “ 1899-1900, by A R Hinks, who used the 

plates thus obtained for his determination of the solar paraUax 
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One of the largest icfiactois in the Kingdom is mounted at Cambridge This is an instiument 
of twenty-five inches aperture, made in 1869 for an amateur, Mr R S Newall, of Gateshead, and 
latei presented by him to the Observatory At the time of its construction it was the largest telescope 
of Its kind in the world It was primarily intended foi use as a visual instrument, but is now used, 
in conjunction with a correcting lens and powerful spectrogiaph, for the photography of stellar spectra 
While actually belonging to the University establishment, the Newall telescope is now, so far as its 
work is concerned, regarded as part of the equipment of the Solar Physics Observatoiy The latter 
institution was originally established at South Kensington, wheie it was directed by the late Sir 
Norman Lockyer, but it was removed to Cambridge in 1913 As its name implies, it is principally 
devoted to work on the Sun, and it is one of the very few obseivatories in Great Britain in which any 
kind of solar research is undertaken The chief instrument in regulai use is a large spectroheliograph, 
working on the general principle described and illustrated on page 66 In the case of the Cambridge 
apparatus the object-glass, of twelve inches aperture, is mounted m a fi\ed position and the Sun’s 
rays pass through it in a horizontal direction, being reflected into it by a large plane mirror mounted 
equatorially and driven by clockwork This is a device frequently adopted foi long and cumbersome 
instruments, which can be 
mounted more cheaply and 
rigidly in a fi\ed position The 
rotating minor, which is a 


comparatively small and m- 
evpensive piece of apparatus, 
is known as a siderostat,” or 
'' coelostat,” according to the 
particular manner of its mount¬ 
ing Tht‘ one at Cambridge is 
a siderostat The spcctioheho- 
graph IS used for photogiaphing 
the Hydrogen and Calcium 
layers of the solar atmosphere, 
as desciibed in Chapter IV 
The English climate is not veiy 
favourable foi this kind of 
work, but advantage is taken 
of every available opportunity 
A laboiatory for parallel study 
of terrestrial spectra is attached 
to the Obseivatory 
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Situtilcd .iboul 7,700 feet above sea level, this is one ot the hii^hcst obseivatoiies m 
the woild It IS devoted almost entirely to the study ol soldi physics vSpeeial 
attention has been ejiven to ineasuiemciits of the vehicity (jf euiients at dilfeient levels 
in the Sun’s atinospheie, as levelled by siieetiogiains t.ikcn undei hii^h clispeision 
111 the course of this woik the minute shift in the lines o^' the soldi spectiirn, picdieted 
by Ivinstem, has been deluntely deteetcrl 


In the years during which the Solar Physics Observatoiy was situated at South Kensington, stellar 


spectroscopy formed a considerable portion of its programme On his retiiement from the dii ectorship 
of the Observatoiy, the late Sir Norman Lockyer, who felt keenly that the work should be continued, 
determined to found a new obseivatory for the purpose This he did, with the aid of certain friends, 
and the establishment was erected at Sidmouth, later to be incorporated undei the title of the 
Norman Lockyer Observatoiy It is considered worthy of special mention here as being the only 
observatory in the British Isles that is almost wholly devoted to astrophysical work The equipment 
a modest one as compared with that of some American and Continental obseivatoiies, but valuable 


results have been obtained by following those lines of work that are well within the compass of the 


instruments At the present time (1923) the activities of the Observatory are principally diiected 
towards the determination of spectroscopic parallaxes, lollowing the metliod originated by W vS 
Adams, of Mount Wilson This method 1ms been described in ChaptcT XI, and the results 
obtained at Sidmouth have demonstrated the possibilities of theobjcctive-piism m work of this kind 
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A general view of the Norman 
Lockyer Observatory will be found 
on page 499, and one of the in¬ 
struments IS illustrated on page 507 
A few more observatones in 
diferent parts of the British Em¬ 
pire are worthy of mention before 
we pass on to foreign establish¬ 
ments One of the oldest is the 
Royal Observatory at the Cape of 
Good Hope This is a State Obser¬ 
vatory and is, like that of Green¬ 
wich, under the control of the 
Bntish Admiralty , in fact, it may 
almost be regarded as the Southern 
Hemisphere branch of the older 
institution Its work, too, is on 
somewhat similar lines, though its 
staff and equipment are on a 
smaller scale Accurate meridian 
work has for long been a great 
feature of the routine, and the 
transit-circle is one of the finest in 
the world For some years the 
Observatory was engaged m taking 
its share in the construction of the 
Astrographic Chart The zone al¬ 
lotted to it has long been completed, 
but the standard instrument, simi¬ 
lar to that at Greenwich, is still 
available for photographic work in¬ 
volving the measurement of stellar 
positions and magnitudes The 
largest instrument m the Obser¬ 
vatory is the twcnty-four-inch 
Victoria telescope, a photographic refractor very similar in type and mounting to the Thompson 
refractor at Greenwich It has been used for direct photography of satellites (for position) and of 
certain southern celestial objects, but is now chiefly employed, in conjunction with a spectrograph, 
for the determination of radial velocities The Sun is photographed daily at the Cape with an instru¬ 
ment similar to the httle Greenwich photohehograph The object of this work is to fill in the 
mevitable gaps caused by cloudy weather at the Northern Observatory The plates which fill these 
gaps are sent to Greenwich for measurement and fihng at the end of each year Other branches of 
work at the Cape include the maintenance of the local time-service and the keeping of meteorological 
and seismographic records 

At the opposite end of the African continent is an observatory which should be of special interest 
to readers of this work It is situated on the Mokhattam HiUs, at Helw^, overlookmg the Nile a few 
miles south of Cairo The chief astronomical mstrument of the Observatory (which also undertakes 
meteorological and seismographic work) is a thirty-inch photographic reflector, made and presented 
by Mr J H Reynolds, of Birmingham It has done splendid work m the photography of many 
southern nebulae and clusters that had never before been adequately studied by such means Several 
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THE SEVENTY-TWO-INCH TELESCOPE AT VICTORIA, BC 
Ihis tdescMpe, erected lecently at the Donunion Asliophysical Observaloiy, 
Victoiia, IS the laigest m the Biitish Empire It is used chiefly foi the 
determination of the ladial velocities of stars by means of the spectrograph 
attached to its lowei end The weight of the movmg parts is veiy consideiable, 
but the telescoi>e can be leadily moved into any desired position by means of 
dectiic motors of vanable gearmg The system whereby the obscivuig 
platfoim IS attached to the shutlei of the dome will be noted 
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oi the illustiations in Chajiter XIV are fiom photographs taken with this instiument, which was 
also the first to photograph H.illey’s Comet in 1909 Later, a hne series of plates was taken in 1910 
when the Comet was at its nearest to Eaith and Sun , and the telescope has also been used to 
photograph the Eighth Satellite of Jupitei when the planet was placed too low in the sky for 
successful work at (ireenwich 

There arc a few observatories in India One is of special interest as being by far the highest in the 
British Empire It is situated at Kodaikanal, 7,745 feet above sea-level, and is a branch of the old 
Madras Observatory It is devoted almost entirely to the study of Solar Physics, for which its position 
makes it specially suitable Much of our present knowledge of the Hydrogen and other layers of the 
Sun’s atmospheie is due to the work done here with a spectrograph and spectroheliograph by 
J Evershed, who in 1918 was awarded the gold medal of the Royal Astronomical Society in recognition 
of his researches in this field Particular attention has been given to the accurate measurement of 
hne-of-sight, or radial velocities exhibited by the solar gases at different levels and in different parts of 
the disc this work is done by measuring the positions of the lines in spectra taken under high 
dispersion, and the interpretation of the results is a matter of consideiable difficulty, for many different 
factors, known and unknown, combine to produce the displacements observed, and each must be 
separately dealt with In view of these difficulties it is gratifying that Mr Eveished is able to state 
with some conhdence th<it he has been able to isolate definitely the minute shift in the lines req^uired by 
Einstein s theory {see illustration on page G81) Hitherto this theoretical displacement has defied 


{UPS 

IHF, PARIS OBSERVATORY 

This IS the Natioiidl Observaloiy of Fiance, corresponding in its functions to the smiilai institution at Greenwich, which 
was founded at about the same time In the background is the original building of the Obscrvatoiy, cairymg several 
more modern instruments on its solid stone roof One of the small domes in the foreground covers the oiiginal “ astrogiaphie 

telescope, designed and constructed by the brotheis Heniy 
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ASIROGRAPHIC TjjJIyL^COPIC OF THT^ PARIS OBSEJRVATORY 
Expeiunents m stellai photo^phv, made lu the caily ’eighties by the brolheis 
Henry with this telescope, led to the adoption of the latter as a model for the 
instruments to be used in constiuotmg the great Astrographre Chart of the Heavens 
The photographic lens and plate aie, in this original model, mounted in the same 
tube with the visual guiding telescope The equatorial mountmg is of the 

“ Ivnghsh ” type 


practical demonstration owing 
to the much larger shifts due 
to other causes The case is 
somewhat similar to that of the 
lunar tide in our atmosphere as 
shown by its effect on the baro¬ 
meter The much grosser 
changes attnbutable to local 
effects so ettectually masked this 
minute tide that it remained 
undemonstrated until quite re¬ 
cently Some photographs ob¬ 
tained by Mr Evershed with the 
spectrohcliograph at Kodaikanal 
will be found in Chapters III and 
IV Direct pictures of the Sun’s 
disc arc also taken on every hne 
day and duplicates of many of 
these arc, like those taken at 
the Cape, sent to Greenwich to 
fill the gaps in the collection 
To Canada belongs the dis¬ 
tinction of possessing the laigest 
telescope in the British Empiie 
This IS the six-foot reflectoi re¬ 
cently erected near Victona, 
Bntish Columbia, which station 
forms a branch of the older 
Dominion Observatory at 
Ottawa With one exception the 
telescope is the most powerful 
in the world, and already a great 
amount of valuable work has 
been done with it As is usual 
with large modern mstniments, 
it IS used pnncipally in investi¬ 
gations for which its great light- 
grasp renders it specially suit¬ 
able At present it is devoted 
mainly to the determination of 
the radial velocities of stars that 
are too faint to be dealt with 


adequately by smaller instruments The construction of the fine spectrograph attached to the telescope 
(illustrated on page 496) makes it possible to vary the dispersion (that is the length of the spectrum 
formed) at will, according to the requirements of the particular work being done In the course 
of this study of the general motion of the stars selected for observation many spectroscopic binaries 
and some echpsing variables have been brought to light, and the orbits of several of these have been 
investigated by measurements of the variable velocities revealed by the shifting of the spectral lints 
For such work high dispersion is, of course, essential, and this would mean very prolonged exposures 
m the case of all but the bnghtest stars if a very large instniment were not available The six-foot 






Splendour of the Heavens 


791 



reflector is available for direct photography, if required, and the beautiful picture on page 533 
IS an example of its work when so used Very little visual work is done with this or any other large 
reflector, but it is readily adaptable for this purpose when occasion requires, and is in fact regularly so 
arranged for demonstration of the principal sights of the heavens to the general public on Saturday 
evenings 

Turning now to observatories situated on the continent of Europe, that of Pans is a natural 
starting-point, since, as we have seen, it was one of the first to be established (towards the end of the 
Seventeenth Century) 
on what may be called 
modern lines It is a 
State observatory, and is 
to France what Green¬ 
wich is to Great Britain 
This being so, its princi¬ 
pal work IS of a funda¬ 
mental chaiacter and 


stars, and the determina¬ 
tion and distribution of 


consists in the measure¬ 
ment of the exact places 
of standard or clock ” 


accurate time These 
two concurrent lines of 
work have always been 
a great feature of the 
Pans programme, and 
the meridian instruments 
of the Observatory arc 
among the finest in the 
world To Pans belongs 
the distinction of having 
inaugurated the system 
of time-distribution by 
means of wireless tele¬ 
graphy In this the Ob¬ 
servatory IS assisted by 
the proximity of the 
great aerial attached to 
the Eiffel Tower, being 
connected to the wire¬ 
less station there by 
means of a land-hnc 
Thus at definite times 
the standard mean-time 
clock can be put into 
direct touch with the 
transmitting apparatus, 
and itself actuates the 
relay which sends the 
signal into the aerial 


p s 

eOUDl^ liQXTAlORIAI,, PARIS OBSI^XUAIORY 
With this foim of Idcscopc the obsaver sits stationary within the building, looking down 
the inclined tube of the instruineiit, which also foims its polar axis The object-glass is at 
the upper end of the second pait of the tube, which is set at light angles to the lust A 
IDlane miiror at the “elbow” sends the lays fiom the object glass through this angle, and 
a similar minoi mounted m a lotating box over the object glass selves to set the telescope 
m Declination T^e Pans Coude has an apertuie of 23 6 inches, and was used foi the con¬ 
struct ion of a photogiaphic atlas of the IMoon 
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As was the case with Greenwich, the French National Observatory has from time to time undergone 
expansions of its activity beyond the field of meridian Astronomy It was here that the brothers 
Henry investigated the possibilities of photographic celestial cartography in the early 'eighties of last 
century, and we have seen m Chapter I how the type of instrument evolved by them came to be univer¬ 
sally adopted for work on the great Astrographic Chart at the Pans Conference of 1887 The original 
instrument, as constructed by the brothers Henry, is still in use at the Observatory Its mounting is 
of the “ English " type, being similar to that adopted for the onc-hundred-mch reflector at Mt Wilson 
(see page 39), though of course on a much smaller scale Anothei of the Pans instruments, of unusual 
design, owes its origin and development to the genius of the Henrys This is the great equatorial 
coude, of 23 6 inches aperture, illustiated on page 791 The instiument was the outcome of successful 

experiments made with a smaller 
model, of about ten inches aper¬ 
ture The tube is in two por¬ 
tions, fixed at right angles to 
one another At the “ elbow " 
thus formed is fixed a plane 
mirror, set at forty-five degrees 
so as to reflect the rays from 
the object-glass up that part of 
the tube which foims the polar 
axis The eye-piece is under 
covei at the uppcT end of this 
axis, and has no lateral move¬ 
ment betting in declination is 
effected by rotation of another 
plane mirroi fitted m a fiame 
in front of the object-glass It 
will be noted that m the modi¬ 
fied form of coude at t ambndge 
(page 455) this second lellection 
is dispensed with, the decima¬ 
tion being changed by an angu¬ 
lar motion of the objective 
portion of the tube, and by 
simultaneous rotation of the 
single mirror at half the speed 
Each form of the instrument 
has its special advantages and 
defects, but the coude has never 
become as popular as might 
have been expected and few ex¬ 
amples are to be found outside 
the land of its birth However, 
the great Pans instrument was very successful in actual use, as will be seen by examination of its chief 
work, the great photographic atlas of the Moon, prepared by MM Loewy and Puiseux Some sections 
of this fine chart will be found among the illustrations of Chapter VI An excellent model of the 
earlier of the two Pans coudes is to be seen at the Science Museum, South Kensington, where there is a 
fine collection of astronomical photographs and instruments, ancient and modern 

The equipment of the Pans Observatory includes three equatorials, of eight, twelve, and fifteen 
inches aperture, used for miscellaneous observations such as the measurement of double stars and the 
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M B BAI];i,ATJD 

The veteran Director under whom the Pans Obseivatoiy has made impoitant 
contributions to pioblems concerned with the deteimmation of longitudes and the. 
distiibution of accurate time 
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positions of comets, etc The largest of 
these IS interesting as being one of the few 
big telescopes to be found anywhere 
mounted on the actual loof of a tall build¬ 
ing, instead of on a pillar reaching up from 
the ground level This is made possible 
only by the unusually solid constiuction of 
the old buildings of the Observatory, which 
are fashioned throughout of massive blocks 
of stone 

The French National Observatory is, like 
the corresponding institution at Greenwich, 
given over almost entirely to the Astro¬ 
nomy of position But, a few miles away, 
in the suburb of Meudon, there is a tine 
establishment that is devoted entirely to 
astiophysical work It is beautifully 
situated on the top of a hill, in the grounds 
of what was once a royal chateau The most prominent external featuie of the Observatory is a 
large white dome, sixty feet or so in diameter This covers the largest lefiacting telescope in Europe, 
whose object-glass, 32 7 inches m diamctci, was made by the biotheis lleniy Mounted m the same 
rectangular tube by the side of the great visual object-glass is a photogiapluc hms of 25 2 inches aper- 
tuie, the pair having the same local length of lather over fifty feet The complete instiument, as 
regards its moving parts, is the heaviest reliacting telescope in the woild, weighing about twenty 
tons Among the various uses to which tlie visual portion lias hivn jiut may be mentioned the 
examination of planetary detail, and the be<uitiful pictui(‘s on pag('s 77 and 351 are examples of what 
has been done with it in this direction But, at any rate in recent yeais, the most important work 
of the Observatory has been done outside the large' dome with instiunu nts of a veiy diiieient type It 
was at Meudon, in the early ’nineties of the last cc'iituiy, that M I)('sl<indres, the present director of the 
Observatory, carried out the expeiiments that rc'sulted in his indcpt'iick'nt invention of the spectio- 


^ 1 knoii'hdgt ’ 

llllv MlvUDON OBvSU:RVA TORY 

vSitucxtcd a few miles out of Pans, the Obseivat iv at Meudon is 
devoted chiefly tp solai physics Ileie the fepeetiolieho^raph was 
ind( peiidently evolved by the pieseiit cliiectoi, M Deslandres The 
dome here seen eoveis the lai^est lefi letor in Iviiiope The visual 
obiect glass, 12 7 melies m diametei, is mounted in the same tube 
with cl photogiapluc kns oi in 2 inches apeitme Both have the 
same focal kn}j;th ol about flfty-two feet 



GKNBRAI, VIEW OF THIC OBSimVATORY AT NICB: 

The Nice Observatory is finely situated on the top of a hill, 1200 feet m height, oveilookmg the Mediten mean It is a good 
example of an Observatory in which the different instruments arc scattered separately about the grounds The obscivation 
of comets and minor planets forms a considerable pail of the work of this establishment 
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heliograph, which has contnbuted so largely to our knowledge of the Sun's atmosphere Naturally, 
the work so splendidly begun has been continued and still further developed at Meudon, where a 
fine spectrohehograph, in regular use, replaces the more crude and elementary apparatus of thirty 
years ago In the early days of the Observatory some particularly fine work was done by Janssen 
in the direct photography of the Sun's disc on a large scale One of Janssen’s photographs, show¬ 
ing the ‘‘ rice-grain ” structure of the photosphere remarkably well, is reproduced on page 119, and 
it is doubtful whether it has ever been surpassed in its definition and grasp of minute detail 

There are several 



THIRTY INCH RF,FR\CTOR OF THF NICE OBSERAATORY 
Ihis sectional view of the large dome, seen on the left m the previous illustration, gives some idea 
of the massiveness of construction necessary to give stabihty to the mountmg of a big telescope 
The bulk of the great stone pedestal and its foundation lies below the level of the floor, which is 
]ust separated from actual contact with it 


more large and 
important obser¬ 
vatories in France 
Probably the most 
favourably situated 
IS that at Nice, on 
the coast of the 
Mediterranean 
The site is a very 
beautiful one, on 
the summit of a 
hill, 1,200 feet in 
height, ]ust be¬ 
yond the outskirts 
of the town The 
white domes and 
buildings, scat¬ 
tered at intervals 
about the grounds, 
stand out sharply 
m the bright sun¬ 
shine of thcRiviera, 
and arc visible for 
many miles The 

largest instrument 
IS a refractor of 
thirty inches aper¬ 
ture, whose object- 
glass, like that of 
the great Meudon 
telescope, was 
made by the 
brothers Henry 
Early in its career 
it was pretty regu- 
larly used, and 
many drawings of 


Mars and Jupiter 

were made with it by M Perrotin Of late years, however, it has been used less frequently than some of 
the smaUer instruments of the Observatory, chiefly because its great size makes it a rather cumbersome 
and inconvenient telescope for one or even two men to work satisfactorily, and the staff of the estabhsh- 
ment is strictly hmited When it is remembered that the telescope is over fifty-eight feet long, and is 
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covered by a dome seventy-eight feet m diameter and weighing nearly 100 tons, the preference given to 
more manageable instruments will readily be understood The two telescopes with which most of the 
work IS done are equatorials of hfteen inches aperture, both being used chiefly for the visual observation 
and discovery of minor planets and comets One of these equatorials is of the coude type, and it is 
with this that most of the cometary work is done Nice is one of the few large observatories in which 
deliberate search is made for comets, and many have been discovered at the Observatory during the 
past thirty years The other equatorial is, in design, a miniature of the great thirty-inch, and is easily 
managed by one observer An ingenious method has been devised whereby it can be used for the visual 
detection of minor planets Near the eye-piece is mounted a box into which can be inserted glass 
transparencies, printed from photographs of different regions of the sky These can be illuminated 
from behind by a blue 
light and are so ar¬ 
ranged as to be visible 
with an eye-piece 
simultaneously with 
the actual stars ob¬ 
served with the other 
eye through the tele¬ 
scope and on the same 
scale The eye-piece of 
the telescope is pro¬ 
vided with a screen 
of yellow glass, which 
gives its tint to all the 
stars m the held If 
these stars are all pre¬ 
cisely duplicated by the 
images on the trans¬ 
parency (as they nor¬ 
mally would be), their 
yellow and blue images 
are blended physio¬ 
logically into a single 
whitish image If, how¬ 
ever, a strange object 
IS present, either in the 
sky or on the plate, it 
reveals itself at once 
by its unneutralised 
yellow or blue colour, 
and in this way many 
new minor planets have 

been discovered and several lost ones redetected Other instruments of the Observatory at Nice 
include a transit-circle of unusually massive construction, used for determining the positions of stars 
for catalogue purposes 

Another observatory m the South of France, that of Marseilles, specialises in the discovery and 
observation of comets and minor planets, and many bodies of both kinds have been found there by the 
late M Coggia, M Borelly and others, who have also undertaken the laborious but necessary work of 
computing orbits for the minor planets observed The determination of time for local distribution, and 
the making of seismographic records are also part of the regular work of this Observatory, which is not 


IWlvNTY-niGHT-INCII RKmivClOR OF THH KdNIGSTUIIIy OBSlvR\ ATORY, 

jEiniimnnicKc. 

This lustrumciil, which is of ichilivcH veiy fahoit focal length, is designed for the photogiaphy 
of faint objects and then spcctia With it Di Wolf, the diicctoi of the Observatory, has 
done much valuable woik on the speetia of known nebula, and in the discovery of new ones 
Smallei photographic instiuments are also used at Heidelberg for the discovery of mmoi 
planets Several hundred of these bodies have been tound b> Dr Wolf 
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neaily so well equipped instrumentally as 
that of Nice 

Geimany is well provided with obser¬ 
vatories, some of which are of iccent 
construction and splendidly equipped 
The only one to which we shall here 
refer is a comparatively small establish¬ 
ment, which, however, has been doing 
very interesting and valuable work for 
many years This is the Heidelberg 
Obseivatory, directed by Dr Ma\ Wolf, 
who IS one of the most skilful astro¬ 
nomical photographers of our time The 
instruments used by Dr Wolf and his 
assistants arc by no means large, as judged 
by modern standards, consisting of a 
twenty-eight-mch rt'dector of shoit focus, 
with spectrograph attached, a si\teen-mch 
portrait lens, and several cameias of 
smaller aperture, but an astonishing 
amount of work has been <iccomplished 
with them m several fields ol leseaich 
The discovery of minor planets by the 
photographic method illustiated on page 
64 was one of the earliest items in Dr 
Wolf’s programme of work Stai ting with 
lenses of only five and si\ inches apertuie, 
he soon demonstrated the feasibility of 
the method Up to the year 1914 he 
had discovered over 300 of these tiny 
planets, most of them being betwtt^n the 
eleventh and fourteenth magnitudes, and 
since then the total has been growing 
i a clily year by year, easily eclipsing that attained by any other workei in this field In the course of 
this work 1 )r Wolf realised, simultaneously with Barnard in America, the efiiciency of the poitiait-lcns 
in t delineation of faint and extended nebuLe Turning to the study of these objects with increased 
( \j>osur('s he met with immediate success, and not only discovered several new ones himself (including 
1 lu‘ *' N^)rth America ” nebula and the external nebulosities of the Pleiades), but also demonstrated the 
( \ 1 st (nice of many of the dark patches or '' caves ” that are now believed to represent obscuring matter 
Whcui tsxaminmg his plates Dr Wolf was struck with the great number of minute “ globular ” or 
lUKdtvir nebulae shown on them (•iee Chapter XIV) Most of these had been hitherto unknown, and 
Wolf proceeded to make special search for them, recording carefully the position of each By 1914, 
wiu ‘11 he received the gold medal of the Royal Astronomical Society for his work, he had discovered 
alxnil 5,000 new nebulae, and many have been added since then to the number Various other uses 
Jiavt* been found for the great number of plates accumulated in the course of about forty years By 
suntiltam^ous comparison in a stereoscope of plates taken at different times many variable stars have 
brvn brought to light, and the same method has proved valuable for the detection of large proper 
motions In the course of time a large portion of the sky has been covered by the sixteen-inch lens, 
«ind prints from the plates, showing stars to about the sixteenth magnitude, are published at intervals 
by Dr Palisa at Vienna They are useful for many purposes, such as the detection of minor planets 


run GREAT PUEKOWX REFRACIOR 
ill IS line xnsluimail, whobc thixtyinch object glass was made by 
XKan Gliiik, and the iiiouiitiiig by Repsolcl, is used piiiieipally loi the 
«hsto\i ly aix<l iixeasixicxiicxit of close double stais When exected, iii 
I HH k il was fox a shoit time the largest lefxaetox iii the uoild, but it 
lias sniee been eclipsed in size by seveial othei niblrumentb 
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and variables, and tht study o£ the past history of novee With the twenty-eight-inch reflector much 
work has been done on the spectra of nebulcc hor this purpose immensely long exposures are necessary, 
owing to the faintness of some of the objects In some cases these exposures have been extended to 
periods of over seventy horns, spread over several weeks ' The work of the Heidelberg Observatory 
is an outstanding example of the gieat power of photography as an aid to astronomical research 

Before concluding our survey of some of the observatories of the Old World, mention should be made 
of a great institution that has done splendid woik since the early days of the last Century, though lately 
much hampered by external events This is the observatory at Piilkowa, about thirteen miles from 
the centre of Petrograd This establishment will always be famous for the immortal labours of the 
Struves in the discovery and measurement of double stars Followmg on the pioneer work of Wilhelm 
Struve with a 
9 6-mch refractor 
(then the largest 
m the world), most 
of the earlier work 
was done with a 
fiftcen-inch equa¬ 
torial, which, how¬ 
ever, was in 1883 
supplemented by 
the addition to the 
equipment of a 
thirty-inch refrac¬ 
tor This great 
instiument, whose 
object-glass was 
made by Alvan 
Clark and the 
mounting by Rep- 
sold, was for a 
time the largest re¬ 
fracting telescope^ 
m the world, and 
IS still one of the 
largest in Europe 
Apart from its 
connection with 
double-star Astro¬ 
nomy, Pulkowa IS 
renowned for its 
meridian work, 
and for the atten¬ 
tion it has given 
to the problems 
involved in the 
determination of 
star places with 

,, ^ TWKNXY-SIX-INCir REFRACIOR OF THE U S NAVAE OBSERVATORY, WASHINGTON 

tne transit-circle Iclcscopc will always be famotis foi the discovery by its means of the two satellites of Mars*b 3 

Among other Asaph Ilall m 1877 It is still used very largely for the study of faint satellites and their orbits 
thinp-Q tViP pff + telescope was foimerly attached to a mounting of less modern design, which, however, is stil 

Limigb, ine enectS photographic equatorial in another pait of the Observatory 
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of atmospheric refraction on the apparent altitudes of the heavenly bodies have been investigated with 
great thoroughness at Pulkowa , and the values there deduced, in relation to temperature, pressure, 
etc , have been universally adopted by meridian workers 

Turning now to the New World, we have a very wide choice of institutions for description The 
development of American Astronomy during the latter half of the Nineteenth Century is one of the 
most outstanding features of the recent history of the science This development has been still further 
evtended during the present Century, with the result that the United States now possess quite the 
best-equipped observatories in the world, and the work that has been done m them has had a profound 
influence on the progress of Physical Astronomy It is impossible, in the space here available, to 
give more than a very bnef description of some of these great establishments, and the best idea of 
the extent and importance of then work is to be obtamed by a perusal of most of the chapters of 
any modern astronomical treatise A glance through the illustrations alone of the present work will 
convey some impression of the debt owed by the science to American observatories 



As has been said, it is in 
the domain of Physical Astronomy 
that the contributions of the 
United States have been most note¬ 
worthy There is, howevei, at 
least one observatory that is de¬ 
voted entirely to the Astronomy 
of position This is the U b 
Naval Obseivatory at Washing¬ 
ton, which IS the Greenwich of 
Ameiica It is here that data are 
accumulated for the American 
Ephemeris,'’ the publication that 
coiresponds to the British Nauti¬ 
cal Almanac ” and the Fiench 
Connaissance dcs Temps For 
this, as in similar national obsei- 
vatoiies, the transit-circle is the 
most impoitant item in the equip¬ 
ment, and the observations made 
with it are used in calculating the 
positions of Sun, Moon, planets 
and stars In addition to this 
more important work the Obsci- 
vatory specialises in the observa¬ 


tion of planetary satellites and the 
computation of their oibits This work is done with a refractor of twenty-six inches aperture, which 
is none too large in view of the faintness of some of these small bodies The instrument was for a time 


the largest of its kind in the world, and is famous for the discovery of the two satellites of Mars, made 
with it by Asaph Hall in 1877 Since then it has been provided with a more modem mounting, but 
the old one is still m use, having been adapted to carry several large photographic telescopes, employed 
for the photography of minor planets and other objects, for position 

Among its older and more modestly equipped observatories America can boast of a unique 
institution that has exercised and still exercises a most important influence on the progress of Astronomy 
This IS the observatory of Harvard College, at Cambridge, Mass Broadly speaking, its chief work may 
be described as the study of starlight in nearly all its aspects We have seen in Chapter XV how the 
gradual mcrease m the number of known variable stars led to a demand for the accurate determination 
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and standardisation of appaient stellar magnitudes To meet this demand many experiments were 
made in different parts of the woild with instruments of various types, but it was at Harvard that the 
nearest approach to success was attained, and the magnitudes deteimined there with Pickering’s 
meridian photometer have been universally accepted as standards for subsequent work In the obser¬ 
vatory s earlier days its photometric work was done entirely by visual means, but later photographic 
methods were introduced, to supplement rather than to replace the older system of magnitude deter¬ 
mination An immense amount of expei mental work of both kinds has been done, full accounts of 
which are to be found in the Harvard Annals, the medium whereby the researches of the Observatory 
are made available to astronomers at laige One unique feature of the photometric work at Harvard 
IS of special interest This is the constant repetition of small-scale photographs of the sky for the 
detection of variable stars by comparison of their images on the plates On every fine night a number 
ot similar cameras (each of one-mch apertuic and thuteen inches focal length) is exposed to different 
portions of the heavens, all being simultaneously driven and controlled by electric impulses from a 
Single clock Many hundreds of 


variable stars have been discoverea 
by comparison of the plates thus 
secured, and the photographs, all 
carefully stored and numbered, 
form definite records of the state 
of the sky at the times at which 
they wore taken, and have proved 
very valuable in tracing the caily 
history of novfe and other objects 
It IS not only our system of 
photometry that we owe to Har¬ 
vard College, but also the classi¬ 
fication of stellar spectra that is 
now in universal use This classifi¬ 
cation, which IS described in detail 
in Chapter XII, was evolved from 
the comparative study of a great 
number of spectra photographed 
at the Obseivatory It has had to 
be modified from time to time, 
but the nomenclature adopted is 
that of the original sequence intro¬ 
duced at Harvard For the general 
classification of spectra great dis¬ 
persion IS not nccessaiy , and, if 
the work is to be lapid and 



KYIMCND OF mic YIXRKI^S TJvIylCSCOl^E 
riiL mcchaiiiuil <UKingcmcnts of the “sm<ill end” of a laige Iclc&copc appeal at 
lust sight lathu comphcatccl The long lods, fitted with wheel handles, are 
the Right Ascension *ind Decimation elainps and slow motions, with their 
(lupheaUs 1 he fom liaic steel piojeetions fiom the heavy ung at the end of the 
1)ig tube aie foi the attachment of spectiogiaphs and similai apparatus To the 
left IS mounted the small “iindci,” pmallcl with the largei telescope 


comprehensive, the slit spectrograph, confined in its action to one star at a time, is obviously un¬ 
suitable Hence, most of the work at Harvard is done on a small scale with the objective prism, with 
which a large number of spectra can be photographed simultaneously on a scale just sufficiently large 
or purposes of classification An example of the type of plate produced by this method is to be 
found on page 68 Thousands of the brightei stars have had their spectra classified and published 
a Harvard, most of the work having been done by the highly-skilled women members of the staff, 
^ong whom may be mentioned the late Mrs Fleming, the late Miss Leavitt, and Miss Cannon 
' a^ard provides us with a splendid example of the kind of work that can be done in Astionomy 
with instruments of small or moderate size The largest telescopes in the Observatory, though not 
the ones that do the most work, are the old fifteen-inch refractor always associated with the name 
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of Bond, a twenty-four-mch photographic reflector, and the five-foot reflector that was made by 
and formerly belonged to the late Dr A A Common, of Ealing For many years after its purchase it 
was not found possible to put this last instrument into regular use, but lately steps have been 
taken to provide it with work for which its great aperture will make it suitable 

There remain to be con¬ 
sidered the three best-equipped 
observatories m the United 
States, or indeed m the whole 
world—the Lick, Yerkes, and 
Mount Wilson Observatories 
The first of these, founded 
and endowed by James Lick, 
is situated at an altitude of 
4,200 feet on the summit of 
Mt Hamilton, California, being 
attached to the University of 
the latter State It was the 
first of the great mountain 
observatories, the success at¬ 
tained there having demon¬ 
strated the great advantage of 
considerable elevation for the 
site of such establishments 
The chief instrument at Lick 
is the famous thirty-six-mch 
Clark refractor, which was for 
many years the largest of its 
kind in the world With it the 
late Professor Barnard dis¬ 
covered the fifth moon of Jupi¬ 
ter and it IS one of the few 
large instruments that have 
ever been used at all systemati¬ 
cally for the study of the 
surfaces of the planets and 
their satellites It is, however, 
principally used for the visual 
discovery and measurement of 
close double stars A correct¬ 
ing lens, of thirty-three inches 
aperture, is available for con¬ 
verting the telescope into a 
photographic instrument if de¬ 
sired, and spectrographic work 
can also be done with it The 
Lick refractor, of which an 
illustration appears on page 
523, also serves as the tomb 
of its donor, who lies buried in the brickwork portion of the base of the mounting 

Another famous instrument at the Lick Observatory is the Crossley reflector, a photographic 


By ^efmission of] 


[The Yerkes Observatory 


THE YERKES TWO-FOOT REFEBCTOR 
This compact and easily-worked instiument was designed tor the photography of 
nebulae and faint stars In this it has done most successful work in the hands of 
Professor Ritchey, who also figuied the mirror The open-fiame tube, now adopted 
for most large reflectois, has the advantage of eliminating internal air-currents that 
would otherwise injure the definition of objects photographed The driving clock, 
in the base of the mounting, is controlled electrically by the observer, and a double 
slide plate holdei is also fitted {See page 525 ) 








































Splendour of the Heavens 


801 


telescope of the same aperture as the big refractor With it the late Professor Keeler secured the 
wonderful senes of photographs of the nebulae that has done so much to increase our knowledge of 
these objects Some examples of his beautiful work will be found among the illustrations of 
Chapter XIV, where a picture of the telescope, as originally mounted, is also given The equipment 
of the Lick Observatory, of which a general view is to be seen on page 522, also includes a refractor of 
twelve inches aperture, and a fine transit-circle On certain nights in the year, according to the pro¬ 
visions of its foundation, the Observatory is open to the general public, and, although a journey of 
many miles to its isolated site is involved, large numbers of people take advantage of this opportunity 
of looking through one of the world's largest telescopes 

The munificence of another public-spirited American millionaire, Mr Charles T Yerkes, was 
responsible for the erection of the Yerkes Observatory of the University of Chicago on the shores of 



By petmisHon of \ [-T/t*? Yerkes Observatory 

THE “SNOW” lEEESCOPE, MOUNT WIIySON 


This unusual-looking structure, lefeired to locally as the “ Ark,” was designed to sheltei solai instruments from the heating 
effects of the Sun, which in ordinary telescopes greatly impair the definition by producing air currents In the “ Snow ” 
telescope there is no tube, the rays of the Sun being directed almost horizontally towards the parabolic mirrors of the 
instrument by means of the coelostai seen at the near end of the structure^ 


Lake Geneva, about eighty miles from the big exty The mam buildii\g of the Observatory, which is 
illustrated on page 70, is constructed of brown Roman brick, and is in the form of a Latin cross At 
one end of the longer axis is the great dome, ninety feet in diameter, that covers the forty-inch telescope, 
which IS the largest refractor in the world This instrument has been and still is put to a variety of 
uses, its value being so fully realised that it is never allowed to remain idle while the sky is clear Some 
of the many purposes for which it is used are parallax work, spectrographic determinations of the radial 
velocities of stars, visual and photographic photometry, and the measurement of close binaries Special 
arrangements are provided for adapting the instrument for each of these purposes, thus making it 
possible for the one telescope to do the work of several Some beautiful photographs of the Moon, 
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planets, and star clusters are among the more spectacular by-products of the work of this mstrumcnt, 
and much valuable visual work of a miscellaneous character was done with it by the late Professor 
Barnard 

In one of the smaller domes is mounted a photographic reflector of twenty-four inches aperture 
It IS fitted with an exquisite mirror by Ritchey and has proved most successful in the photography of 
nebulae Away from the mam building, in another part of its seventy-acre grounds, is the small 
structure m which is mounted the ten-inch Bruce photographic telescope, illustrated on page 54 
With this little instrument, which is so mounted that it can be pointed in any conceivable direction 
without fouling the mount, the late Professor Barnard took some of the most beautiful photographs 
of the Milky Way that have ever been secured Examples of these will be found on pages 18, 19, 
and 631 Elsewhere will be found somewhat similar photographs taken by the same observer with a 
six-inch portrait-lens It was the great success of these that led to the design and construction of the 
larger Bruce camera 

The third great modern observatory in the United States is perhaps the most wonderful institution 
of Its kind in the whole world ^ It is certainly unsurpassed as regards the size and power of the instru 
ments with which it is equipped Originally designed as a Solar Observatory, and so entitled, it has 
gradually extended its activities so as to include almost every branch of astrophysical work As the 
splendid equipment has grown, the fullest possible use has been made of it, and the Observatory has 
contributed a very notable portion of the total advance of astronomical knowledge during the past 
twenty years 

Mount Wilson is situated a few miles from Pasadena, near Los Angeles in California The summit. 



COEnOSTAT OF THE “SNOW” TELESCOPE 


[The Yerhes Observatory 


The coelostat proper, consisting of a plane mirror mounted equatorially and driven by clockwork, is seen in the foreground 
By its means the rays of the Sun are directed constantly towards the fixed plane mirror behind, from which they proceed, 
under cover, down the length of the “ Ark,” to be received by a parabolic mirror at the end The image formed by this last 
mirror is used for various (chiefly spectrographic) purposes of solar research 
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on and near which thc‘ Obser¬ 
vatory IS built, IS 5,900 leit 
above sea-level This position, 
which secures the maxnnum 
freedom from coastal fog and 
low-lying clouds, makes for the 
transparency and good defini¬ 
tion so essential for the best 
astronomical work of the 

greatest difficulties in the way 
of solar research is the unste<idv 
condition of the atmospluTe 
brought about by the ht‘at of 
the Sun Not only art' currents 
thus formed in the atmospheu^ 
as a whole, but the paits of it 
near the ground arc greatly dis¬ 
turbed by radiation from the 
latter, or even from parts of the 
mstiuments with which obstT- 
vations are being madc‘ By 
the location of a Solar Otist'i- 
vatory on a mountain-top, much 
of the general turbulence' of Uu‘ 
atmosphere is left bc'hind at lowt'i Itwt'ls, but the local causes of disturbance mentioned above 
are by no means ehmmalc'd The observers at Ml Wilson soon discovered this and were led to the 
design and construction of two unusual forms of instrument, both of which have proved very 
successful in reducing the ('tfccts of local atmospheric tremors In each case the telescope itself 
IS fixed m one posutioii, bcung “ fed with sunlight by a coelostat in the manner already described 
earlier in this chaptc'r I n tlu' one instrument the optical axis lies in a nearly horizontal position, the 
several parts of the apparatus being arranged on a series of concrete pedestals, set in a line The whole, 
with the exception of the' coi'loslat <ind secondary mirror, is covered by an immense canvas-covered 
structure, with loiivred skU's 1 he olij(‘Ct of tins is to shcltei the optical parts of the instrument from 
the eliects of chiccl ami u‘-i<idiale(l sunshine, while allowing of a free circulation of air within the 
structure The whole uislnimeiit, illustrated on page 801, is known otfiicially as the Snow Telescope, 
and unofficially (for obvious u'.isous) as the '"Ark '' In the second of the novel solar instruments at 
Mt Wilson the object-ghiss, with llu coelostat feeding it, is mounted at the top of a tower, the optical 
axis in this case being V('itic<il Aetiuilly there are two instruments of this kind on the mountain, fhe 
mote recent of tlu' lowi'rs, loh feet m height, having been built as a result of the success of the earlier 
one of 60 feet The sUh'1 gndcTs of which the 150-foot tower telescope is constructed are encased 
m an outer sheath not in contact with them This is a necessary precaution against rapid changes of 
temperature and the swaying (‘ttects of violent wind Below the tower is a well in which the tempera¬ 
ture IS nearly constant, allowing of the successful employment of accessory apparatus that is very 
sensitive to the alternating (dft'cts of heat and cold Both the Snow and Tower telescopes are used 
for spectrographic and spt'clrohehographic work on the Sun under high dispersion An examination 
of the spectrohehogram on page 177 will give some idea of the success attained at Mt Wilson m securing 
good definition for large-scale solar work 

It is impossible here to give details of the immense amount of work accomplished in that part of 
the Observatory which deals with sidereal Astronomy The principal instruments used in this con¬ 
nection are the 60-inch and lOO-mch reflectors, illustrated respectively on pages 525 and 39 Both 



DOMIv or lim HUNDRUDINCH RnFI/EClOR, MOUNT WIIySON 
This IS the hugest observatoiy dome in the woild One hundred feet in diameter 
«iu(l waghing a hundicd tons, it is neveitheless rotated easily and rapidly by 
poweiful eleetiie motois, allowing of observations in all parts of the sky It is 
pamUd white and piovided with a double sheathing to reduce the heating effects 
of the Snn during the day The mstiument which it coveis is illustrated on page 59 
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these telescopes are, optically and mechanically, of the highest excellence, as is proved by the beautiful 
definition of fine detail in the photographs taken with them Neither is used exclusively for any one 
kind of work, since experiments have shown that they can be made to fulfil a great variety of 
purposes almost equally well Among these may be mentioned the photogiaphy of star clusters and 
nebulfe, the study of the spectra of faint stars, the determination of stellar pai allaxes by trigonometric 
and spectroscopic methods, bolometric observations of stellar spectra, and the photography of the 
lunar and planetary surfaces To this list must be added the measurements of stellar diameters made 
with the twenty-foot interferometer attached to the larger instrument The effective focal length of 
each telescope can be varied to suit the particular reqmrements of different researches, and the same 
applies to the dispersive power of the spectrographs attached to the instruments The great value of 
these large reflectors is fully realised by those who are privileged to use them and care is taken that 
neither is allowed to rest in idleness while the sky is clear 

In the brief review which has here been given of the work and equipment of some of the world’s 
observatories no attempt has been made to give anything like an exhaustive account of any one of 
them It IS perhaps well to repeat at this point that the omission of certain well-known establishments 
is in no way intended to imply that they are of little importance The choice of observatories for 
mention has rather been cictated by a desire to present to the reader the greatest amount of variety both 
as regards the work done and the type of instruments employed 

Among the most striking features of the work of our large modern obseivatones will have been 
noted the almost universal adoption of photographic methods as a substitute for the oldci processes 





{The Ytrkes Ob<!efvatory 
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SPECTROSCOPIC LABORATORY, MOUNT WILSON 
In this laboratory experiments are made under conditions that can be controlled by the obscivci, and the information thus 
gamed is of great value in interpreting the results of spectrographic work on Sun and stais, and in suggesting further lines of 
^ laboratory is a necessary adjunct to every modern astrophysical observatoiy, and the one at Mount Wilson is 

specially well-equipped 


research 
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of visual observation While no one can 
deny the enormous advantages thereby 
realised in certain depaitments of re¬ 
search, it may perhaps be felt that 
Astronomy must inevitably lose some of 
its romance for the man to whom a 
star IS nothing but a small black mass 
of silver grains, or a senes of parallel 
lines, on a glass plate But there are 
still certain branches of work m which 
the direct use of the eye is acknowledged 
to give the best results, and some of our 
greatest professional workeis, such as the 
late Professor E E Bainard, have always 
kept this m mind Moi cover, in what¬ 
ever directions the professional of the 
future may be forced to develop his 
methods, we may be confident that the 
great company of <imateurs will never 
allow visual observation to become a 
lost art 


CHAPTliR XXII 


THE CALENDAR 

By Rev TER Piiii lips, M A , F R A S 


L“ Knowledge 

150-FOOT TOWISR TJvbl vSCOPi:, MOXINP WII^SON 
In tins c«isc the telescope is fixed in <i vcilical position, the light of the 
Sun being icflcctcd down it by a coclostat and secondary minor 
mounted at the top of the towci The lattci is nxade of steel, with a 
stpaiatc outer sheath foi each girrlci This is a piecaution against 
the effects ol wind and lapid changes of tcmpeiature Below the 
towel IS a well, whose neaily constant tempciaturc allows of the 
successful employment of very delicate instiumcnts, as aeecbsoneb 
to the mam telescope 


I N Chapter XIX, Mi Bartrum has dealt 
With the important subject of time, 
and has described vaiious devices and 
mechanical appliances for its iiKMsure- 
ment It requires little reilection to see 
how all-importdnt a thing it is m any stage of twil oi tommumty life, that a knowledge of the hour 
of the day or night should be ascertainable with some approach to <u curacy, <ind although certain 
experiments, as described by Mr Dingle in th.iptei XVIII, have led to the establishment of the 
relativity of time as well as space stand.irds, yi-t without sonu' system of units (which have sensibly 
the same value for all the inhabitants of tins planet), the rc'finements of organised social life would be 
impossible 

As already remarked, a natui al division of time is that pi ovided by the Eaith’s a\ial rotation which 
produces the alternation of day and night, hut for many purposes longer intei vals of time arc needed 
Some of these are supplied for us m natur(^ otheis an* arbitrary or conv(mtional Among the former 
may be mentioned the month, which is idated to the movements of the Moon, and the year, which 
IS dependent on the Earth’s i evolution round the Sun 

Among the divisions of time which are more oi les > conventional, not being dependent on definite 
recurrences m nature, we may place the week, which has varied m length among different nations 
between five and ten days, the (ireek Olympiads,which werc:^ successive intervals of four years, and the 
Roman Indictions, or intervals of fifteen yeais instituted by Constantine m the year a d 312 in con¬ 
nection with the collection of taxes and the keeping of accounts, and still used for the purpose of 
dating by the Papal Court But for the common affairs of life, as well as for the provision of points of 
reference m historical records, the fundamental division of time is the year Associated with this is 
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the sequence of the seasons and the succession of agricultural operations , hence, also, the arrange¬ 
ment of civil and economic life On the other hand, from the earliest times the month has also been an 
interval of the highest importance, since so many religious observances have been associated with the 
Moon's phases , and the incommensurability of these two important intervals of time is the mam 
cause of the confusion that has arisen in chronology as well as in the observance of important annual 
events 

The woid calendar (or kalendai) is derived from the Latin kalendce, the name assigned to the first day 
of the Roman month It is now commonly applied to any scheme of time-division in which the yeai is 
adopted as the fundamental unit But it must be remarked that the term year " in this connection 
IS used rather loosely, being m some calendars applied to a succession of months rather than the journey 
of the Earth round the Sun The Mohammedan year, e g , consists of twelve months, or 354 days only, 
so that the fasts and festivals in the course of about thirty-three years, go completely through the 
seasons 

Before going further, it is necessary - for us to consider what exactly we mean by the terms 
''year" and "month" m calendar problems Although the year is generally understood to be 
the time required for the Earth to travel round the Sun, or, which comes to the same thing, for 
the Sun to make its circuit of the sky m the ecliptic, it may as a matter of fact be defined in three 
distinct ways, each of which has a time value slightly different from the others As has been already 
explained m Chapter II, the Earth's orbit is an ellipse and m consequence of the disturbing 
effect of the other planets the direction of its major axis or line of apsides is slowly changing It is 
moving forward in the direction of the Earth's motion If then we reckon the year by the Earth's 

motion from perihelion through 
aphelion to perihelion again, 
we shall get a slightly greater 
value foi the length of the yeai 
than if we reckon it by the 
return of the Sun to the same 
point m the sky as indicated by 
the stars This latter interval 
is known as the sidereal year, 
and the former (that referred to 
the perihelion point) as the 
anomalistic year But neithca 
of these years is the one we net d 
as the basis of our calendar, 
since the alternations of tlu' 
seasons depend neither on t\w 
Earth's return to perihelion nor 
on the position of the Sun 
relative to the stars, but on its 
positionlelative to the equator 
Now it will be remembered 
that the Sun's path or the 
ecliptic intercepts the celestial 
equator at two opposite points 
known as the vernal and au¬ 
tumnal equinoctial points , and 
the interval between two suc¬ 
cessive returns of the Sun to 
the same equinoctial point is 


Drawing by] [w H Steavenson 

HEIylACAI, RISING OF A STAR 

The length of the year was probably determined m early limes by the obseivatioii of 
stars visible near the horizon about sunrise or sunset In the diagram a star of the 
same decimation as the Sun has just risen before it Note that in the northern 
hemisphere a star north of the Sun ma\ rise before it, even though its Right Ascension 
be greater Ihe same thing is true of a star south of the Sun in the southern 

hemisphere 
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the interval m which the seasons recur 
This, then, is the year we want for 
calendar purposes, and it is known as 
the tropical year But as explained in 
Chapter V, p 236, the Earth’s avis, in 
consequence of the distuibmg action 
of the Sun and Moon—especially the 
Moon—on the piotuherant iing of 
matter round the Eaith’s equatorial 
regions performs a conical movement 
about the poles of the ecliptic m 25,800 
years This involves a backward 
motion of the equinoctial points round 
the ecliptic in the same mteival of 
time It follows, then, that whereas 
the anomalistic year (reckoned by the 
Earth's return to perihelion) is longer 
than the siden^al year, the tropical 
year is shorter than the sidereal year 
The three kinds of year are illustrated 
in the figure on this page 

Probably the earliest detei mina- 
tions of the length of the year w(Te 
based on observations of tlu^ heliacal 
rising or setting of ccTtam promincmt 
stars, that is, by counting the numbtT 
of days between successive^ hist ap¬ 
pearances of th(‘ same st<u in the tsist 
]ust before suniise, or successive last 
appearances m the wt‘st lust <ifttT 
sunset Such obseTvations g<ive vtTy ap])r()\im<it(‘ly tlu‘ length of the sichieal year, but measures of 
the shadow east at noon by a gnomon- melu<iting at wliat mte'ivals the lengths are equal, levealed 
the duration of th(‘ tiopical yeai and h(‘nc(‘ l(‘d to tlu‘ chseovery of precc^ssion By such means as these 
the tropical year was found m v(‘iy csirly tiiiK's to eompnse about 3651 days now know its length 
to be 365 days 5 hours 48 minutes 4(5 15 s(‘conds, winch is about twenty minute s less than that of the 
sidereal year iind twcnty-iive minutes k'ss than that of th<‘ anomalistic year 

We must also consuh r what we mt'an by the mouth in uLition to the calendai, and Ixeie again we 
have a word which is us( d with <i v<iriety of meanings , to mention ]ust lhrt‘e of these, thei e is the month 
as measuied by the letiiin of the Moon to veiy rnsnly the same* dnection in Ihe luvivens (the sideieal 
month), the month as measuied by th(‘ Moon’s ndiirn to om^ of its nodes (the nodical month), and the 
month as indicated by the lunai phases (synodic mouth), <ind llu'st^ all have* different values 

It will be clear that sine e the Moon’s nod(‘s ai re^gn^ssing (likt‘ the (ximnoctial points above mentioned) 
the nodical month is shortcT than the sideieal month, wheiesis, owing to tlie forward motion of the 
Earth round the Sun, th(‘ synexhc month, or tlu^ interval from any new Moon to new Moon again, 
will be longer than tin* sidc'nsil month (Sec figure^ on page 816) 

Now, the month which has <ilways been tissue niteil with religious observances is the synodic month 
It will be remembered, lor (‘\ample, that amongst the Jews, the month was cemsidercd to begin on the 
evening on which the thin crescent of the new Moon was first sc‘en m the western sky and the fact was 
announced by the blowing of trumpets The synodic month, then, (commonly called a lunation) is the 
month which formerly emtcTecl into the consideration of calendar problems Its length is ]ust over 



IIIRICIC MICASURIvMlvVIS Oh TUh) YUAR 

The (litipiim (not drawn to suUc) upusents the nUrlh’s oibit at two 
cpodib bay 12 mouths <ii)axt V\ <uid VS VS aic its pobitions at 
pdihchon «nKl the vuii«il aiuniox at these two epoehs Note that the 
hiK of apsides is advancing, while that of the eciuinoves is retrogiadnig 
(puccssion) Ihc intcival tietweeii letunis ol the to the siime 

(hicction <is seen fiom the Sun (say from P> to the diieetion of 1*^ ag«im) 
IS the sidinal ytai , that between letiuns to peiihehon to P^) is the 
anomalislu yeai , .ind that lietwecn letiuns to the equmoc (V‘ to V®) is 

the tropical yeai 
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twenty-nine and a half days or more exactly 29 days 12 hours 44 minutes 2 87 seconds, the day here 
being the mean solar day, or the mean interval throughout the year between successive returns of the 
Sun to the meridian as described on p 693 This is nearly four minutes longer than the day as measured 
by returns of a star to the meridian, owing to the motion of the Earth in its orbit round the Sun We 
now see the nature of the task which the calendar maker had before him He had to fit together as best 
he could the tropical year, the synodic month, and the day, or rather to devise means for surmounting 
the difficulties that arise from the incommensurability of these important intervals of time 

Generally speakmg, the calendar adopted has been one of three mam types It has been purely 
solar, purely lunar, or luni-solar In the first of these the year is taken as fundamental, and the lengths 
of the months are arbitrary, being merely conventional, and without relation to the lunar phases The 
typical example of such a calendar is that inaugurated by Julius Caesar, a calendar which, with a very 
slight modification to be described presently, is substantially the calendar we use to-day On the other 
hand, in a purely lunar calendar the length of the month is taken as fundamental, and the year consists, 
say, of twelve lunations or 354 days without any reference whatever to the seasons The Mohammedan 
year, mentioned above, is the outstandmg example of this type of calendar In a luni-solar calendar 
the year usually consists of twelve lunations (the months being alternately twenty-nine and thir ty 
days) with an mtercalary or embohsimc month added from time to time as may be necessary to keep 
the year in approximate agreement with the seasons The Jewish calendar was a striking example of 
such endeavours to fit together both the month and the year It will be remembered that the Paschal 
celebiations were always associated with the season of spring, and at the Passover, which fell at the 
full IV^on of Nisan, the first green ears of barley had to be presented If then in any year at the new 
Moon of the month, which was expected to be Nisan, it was found that such ears of barley would not 
be‘ ready m time for the Passover, the beginning of Nisan was postponed for another lunation , and in 
this way the Jewish calendar was maintamed in approximate agreement with the tropical year The 
Greek calendar was also a luni-solar one, a cycle of eight years being adopted, during which the normal 
lunar year of 354 days was supplemented three tunes by an intercalary month of thirty days There 
seems to be some uncertainty about the nature of the early Roman calendar According to some 
^^thorities the year consisted of ten months only, and it has been stated that the two months January 
and February were afterwards added by Numa Others dispute these statements It is, however. 

quite certain that in early 
times the Romans made 
use of an intercalary 
month, which they called 
Mercedonius, consisting of 
twenty-three days This 
has also been attributed to 
Numa Later, under Julius 
Caesar, the Roman calendar 
became, as mentioned 
above, definitely solar, be¬ 
ing associated with the 
tropical year which, as we 
have seen, is roughly 365J 
days m length C<Ksar in¬ 
troduced his reform with 
the assistance of the Alex¬ 
andrian astronomer, Sosig¬ 
enes, and in order to allow 
for the odd quarter of a 
day it was ordained that in 
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EFFECT OF PRECESSION 

This illustration shows how the Vernal E<luinox has “ piecessed ” From laurus {see 
pievioufa diagram) it has moved back to the western pait of Pisces, which is outside the 
region here mapped to the right 


every fourth year the 
sixth day before the kal¬ 
ends of March—that is 
February 24—should be 
counted twice For this 
reason those years were 
called btssexttle years 
They are now generally 
known as leap years It 
also appears that Caesar 
decided to begin the year 
on January 1, instead of 
in March, and at the same 
time had the name of the 
month Quintihs—or the 
fifth month reckoning 
from March—changed to 
Julius (or July) after 
himself Similarly his 

successor Augustus changed the name of the following month Sextilis (the sixth month) to Augustus 
or August, and it is said that he also took a day from February and added it to August m order that the 
latter might not be less in length than the month associated with his predecessor Julius In this way^ 
the length of February, which had been primarily twenty-nine days, was reduced in common years to 
twenty-eight days 

The Julian calendar was not, of course, adopted without some chronological dislocation, and the 
year before the commencement of the new system—that is, 46 b c , according to our common reckoning 
—had to be prolonged to 445 days m order that certain festivals might fall about the times originally 
assigned to them in the tropical year This year is geneially known as the year of confusion Some 
confusion also jollowed the inauguration of the new calendar in consequence of a misunderstanding of 
the rule relating to the bissextile years, but after the cirors thus introduced were corrected—that is, 
about half a century after its inauguration—the Julian calendar continued in use m European countries 
without any change or mteiruption down to the latter part of the sixteenth century In Ivussia and 
the East it survived without change until quite recently 

No doubt the abandonment of all attempt to combine the year and the succession of lunations m 
one scheme and the decision to make the calendar a purely solar one was akin to a stroke of genius 
Nevertheless, the Julian calendar suffered from one small defect which was cumulative and gradually 
assumed proportions which were found inconvenient That calendar was based, as we have seen, on 
the assumption that the tropical year is 365} days or 365 days 6 hours exactly, whereas the true 
length IS 365 days 5 hours 48 minutes 46 15 seconds The assumed tropical yeai was accordingly 
some eleven minutes fourteen seconds too long, with the result that the equinoxes gradually fell earlier 
and earlier in the year according to the calendar date Now from the beginning it had been the habit 
of the Christian Church to celebrate Easter about the time of the full Moon falling on or next following 
the vernal equinox, and at the time of the General Council of Nicaia, that is, in A d 325, the equinox 
was held to occur on March 21 (it actually fell that year on the evening of March 20) It does not seem 
that the Council actually prescribed the method of determining Easter but merely ordained that 
Christians everywhere should keep the festival on the same day Nevertheless, in accordance with 
tradition this was subsequently interpreted as meaning that Easter should be observed on the Sunday 
after the first full Moon falling on or after the 21st of March Since, however, from the cause above 
mentioned the equinoxes gradually fell earlier and earlier disputes of 

Easter The matter was carefully considered by sundry General Counci^^^^^^^^^^^““'' 
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1 he point of Sum ISC vai ics thioughout the year The most distant stone shown in the illustiatK >n 
was so placed as to indicate the position at the Surainei Solstice, or the longest daj The Sun 


IS shown rising behind the stone’s tiii 


Trent, and in 1582 
Pope Gregory XIII, 
who was assisted by 
the Jesuit astronomer 
Schusscl, geneially 
known as Cla\iiis, 
issued a Bull deciee- 
mg (1) that to restore 
the date of the vernal 
equinox, wdiich then 
fell on March 11, to 
March 21, the day 
tollowmg Octobei 4 
in that year should 
be called October 15, 
and (2) that, in oidtT 
to pienent a recur¬ 
rence of the disloea- 
tion, only those cen- 
tuiy years whieh aie 
divisible by 400 
should be consideuc^d 


as leap years By this rule 1700, 1800, and 1900 were not leap years, but 2000 will be a leap yeai 

The reformed calendar—known as the Gregorian calendar—is not quite eoireet, although vtny 
ncaily so By the rule of the centurial years three years in every four centuries w^hich would be Uvip 
years according to the Julian calendar become common years, or, on the average, one m 133 years, 
whereas the true correction should be one in 128 years The outstanding eiior however, is small, 
and will not amount to a single day till the expiration of between 3000 and 4000 years 

The new calendar came into operation at once in those countries which acknowledged allegiatict^ to 
the Pope, but the Eastern Church and most Protestant States refused to ado])t it until much later 
The change was not made in Great Britain till 1752 and even then not without consid(T<ibl(‘ opposition 
and disturbance Parliament decreed that the day following September 2, 1752, should be called 
September 14 instead of September 3, and, notwithstanding the care that was taken to guard agtunst 
any possibility of injustice in the collection of rents and other payments, riots broke out m vxu loiis pla( es 
and the cry was raised '' give us back our eleven days '' It may be remarked that the dihei ence betwtam 
the two calendar systems had now become eleven instead of ten da>s as in 1582, since undc^i the new 
rule 1700 was not a leap year 

Another change that was made at the time when the Gregorian calendar was adopter! in hwiigland 
relates to the beginning of the year Prior to 1752 the official date of its comnu nceinent h<id been 
March 25, but this was now put back to January 1, the date which had been chosen foi the beginning 
of the year by Julius Caesar and also by Pope Gregory XIII at the inauguration of the new system m 
1582 It IS, however, worth noting that January 1 had been regarded as the first day of the yeai in 
Scotland since 1600, and even in England the intercalation of the additional day every fourth year 
had been made in the ¥ pYeced%ng not in that jollowmg the March which was ohicially the first 
month of the year To avoid confusion in the dates of events occurring in January, February or March 
about the period of change from the old to the new calendar it is usual to give the years according to 
both styles For instance, February 20,1753, according to the old style, would be written February 20, 
1753/1754 But although for ordinary civil purposes January 1 is New Year’s day, cveiyone who 
pays rates and taxes knows that the financial year of the British Exchequer begins on April 6 This is 
really a survival from the time when the year began on March 25 At the adoption of the new style m 



Splendour of the Heavens 


811 


1 / 52, m 01 del that there might be no change in the length of the current financial j-ear, the calendar date 
of Its commencement put forward eleven days to April “> But the old style was for some i ea^on 
still retained, ^aiid the year 1800 not being a leap year on the Gregorian system, April 6 took the 
place of April 5 m the Nineteenth Ccntuiy In 1900, howevtu, which was also not a leap yeai, the 
date of the commencement of the financial year lemained unchanged, so that like the ordmaiy civil 
year the ycai of the E\chcc|uei is now deterniincd by the Gregoiian rule 

It may be well at this point to refer shortly to oui adopted system of numbeiing the years fiom the 
supposed date of the birth of Christ This system did not obtain in the eaily days of the Chiistian 
Chinch, but IS due to Dionysius Exiguus (Denis Ic Petit), said to have been an \bbot of Rome in the 
sixth ccntuiy A cycle of 532 years in which Easter lecurs on the same dates in the Julian calendar 
had already been discovered by Victonus 4quitanus, and Dionysius readjusted the beginning of the 
first of these cycles to make it coincide with what he believed to be the yeai in which oiii Lord was 
born It scarcely falls within the scope of this chapter to discuss the very interesting chi onological 
point here raised, but it is believed that, while accepting the tradition that that year was the twenty- 
eighth of the reign of \ugustus, Dionysius made the mistake of reckoning from the assumption of the 
name Augustus by Octavius instead of from a date four years earlier (723 in the era of Rome) when the 
battle of Actium was fought m which he had gamed his famous victoiy ovei Antony and Cleopatia, 
and from which the itign of \ugustus is commonly counted The date now generally accepted as that of 
Christ s birth is accoidmgly 4 b c , but for a full and interesting discussion of tlic subject the leadei is 
referred to (haptei XIII of Mr Alexander Philip’s book, “ The Calendar Its History, Striictuie and 
Improvement ” 

We may now considiT some of the chief defects m the calendai which Iiave led in lecenl yeai s to 
a growing demancl for lolorm 

To begin with, the date' of tlic coinni(‘]ic(‘nionit of the yoai is not a siiitahh' on<‘, stiictly spt\iking 



Amongst Hit Jews the month was held to begin on the evening when the thm ciesccnt of the New Moon was lust 
seen, and the fact that it had begun was announced by the blowing of tiumpets The tunes of then lehgious 
observances depended on the phases of the Moon, and their year consisted of twelve lunations with an exit a month 
added, when needed, to keep their fea-^ts m agieenent with the seasons 
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from the scientific point of view, since January 1 marks no outstanding epoch in the relative positions of 
the Sun and Earth It has been suggested that the most natural date for the beginning of the year 
would be that which we now call December 22, since it is the date when the Sun having reached its 
greatest southern declination is about to turn and travel north again It may be questioned, however, 
whether any such readjustment at this stage of the world’s history would not result in more dislocation 
and confusion than advantage, since the gain would be merely a technical one, except perhaps for such 
things as the discussion of meteorological statistics And even here the change would probably be of 
advantage to observers m the northern hcmispheie only Considering the world as a whole, perhaps one 
of the equinoctial dates would be preferable as the commencement of the year if any change at all were 
considered desirable 


But a far more serious defect in our existing calendai than the arbitrary date of its commencement 
is the inequality in the divisions of the year into months, quarters, and half-years The inconvenience 
IS felt in commercial and business affairs such as the arrangements of accounts and the calculation of 
salaries, mterest, pensions, rent, and so forth In Great Britain the quarters as reckoned from Lady 



Day, Midsummer Day, Michaelmas Day, and Christmas Day contain 
in common years ninety, eighty-sevcn, ninety-seven and ninety-one 
days respectively, and even if we divide the year according to the 
calendar months the intervals are ninety, ninety-one, ninety-two 
and ninety-two days The first “ half ” of the year thus contains 
only 181 days, and the second half ” 184 days Now, as has been 
pointed out with much force by Mr Alexander Philip, who has 
devoted an immense deal of time and research to calendar problems, 
a simple and effective reform could be secured with a minimum of 
disturbance by simply taking a day from August and adding it to 
February If this were done, the quarteis would consist of ninety- 
one, ninety-one, ninety-one and ninety-two days respectively, each 
quarter being easily divisible into thirteen weeks with just one extra 
day in the last quarter, about which more will be said later There 
can be no doubt that this slight change in the month, which is really 
only the correction of a stupid blunder originating in the vanity of 


juiyius CBSAR, THE DiCTAiOR Augustus, even if no other corrections were made, would be of great 


One of the gieatesi men of antiquity benefit in business and trade transactions as well as in other depart- 

help of Sosigenes, the CaicuciaT System of civil life Another suggestion which has been made, and 

which IS the bas^is of that which we use which would produce a Similar result with the additional advantage 

of greater symmetry in the monthly divisions, is that each quarter 
should consist of three months of thirty-onc, thirty and thirty days successively with the extra day at the 
end of the last quarter This would, of course, mean a slightly greater disturbance of our present system 
Yet anothci proposal is to divide the year into thirteen months, each of which would consist of twenty- 
eight days or four weeks exactly (neglectmg for the moment the odd day), but the dislocation mvolved 
in this readjustment is so considerable that it would probably receive but scant support 

It will be noticed that m any attempt to arrange the year in equal divisions the odd day presents a 
difficulty which is insuperable It also prevents the calendar being a perpetual one—a type which not a 
few people engaged m business transactions think desirable For were the year to consist of 364 
mstead of 365 days, the same dates would always fall on the same days of the week year after year, an 
arrangement mth certain obvious advantages Accordingly it has been proposed to remove the obstacle 
in the way of a completely orderly calendar by excluding December 31 from the general scheme— 
makmg it, in short, a blank day or dies non, so that it would be neither a Sunday, nor a Monday, nor 
a Tuesday, nor any other named day of the week, but an extra and uncounted day which might be a 
general holiday In leap years there would, of course, be two such days, one probably being arranged 
to ollow the last day of June and the other that of December Each half year would thus have an 
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extra day attached to it without upsetting the orderly progression of calendar events But it seems 
likely that this proposal would meet with strong opposition, particularly in certain religious quarters 
Our week is of extremely ancient origin It has come down to us through thousands of years without 
any interruption Even at the time of the Gregonan reform there was no breach of continuity in its 
sequence, so that the exclusion of one or two days from the calendar would involve the upsetting of a 
tradition which has about it the glory of a great antiquity together with a definite religious significance 
It may be argued that the principle underlying the week with one day in seven assigned to special 
religious obligations would not be seiiously disturbed, but ancient traditions are not to be lightly 
thrown aside, and many will doubtless feel that a much stronger case for the necessity or desirability 
of this proposed change must be made out than is apparent at present before their opposition to it 
can. be withdrawn 

The problems ]nst referred to have been con¬ 
sidered at various conferences, one of the most 
important of which was held at Rome m May, 1922, 
during the meeting of the International Astronom¬ 
ical Union On that occasion the Commission 
specially appointed for the consideration of calendar 
reform approved the following proposals (1) The 
adoption of a pcipetual calendar, keeping fifty-two 
weeks plus one or two blank days (2) January 1 
to take the place of the day at present occupied by 
December 22 (8) The 364 days to be divided into 

four periods of ninety-one days each, i e , two 
months of thirty days and one of thirty-one, without 
excluding an auxiliary division into periods of 
fourteen and twenty-eight days 

We have deferred to the latter part of this chap¬ 
ter the discussion of a proposed reform which is 
commonly legarded as the most pressing, though it 
would probably be one of the most difficult on which 
to secure a general agreement , namely, the stabilis¬ 
ation of Easter This, of course, does not involve 
any question fundamental to the calendai such as 
the accuracy of the length of the tropical year, but 
it relates to the observance of a festival which 
occupies a key position in the Ecclesiastical 
Calendar, and also affects certain commercial, in¬ 
dustrial, legal, and educational interests, which by 
ancient custom have been linked up with it As 
mentioned above, it has been the rule of the 
Church from the beginning to celebrate Easter about the time of the Jewish Passover, when the 
Crucifixion and the Resurrection took place, that is about the time of the full Moon of the Jewish 
month Nisan It is tiue that the actual coincidence of Easter with the Passover was to be avoided, 
as is shown by the provision that if the full Moon falling on or next after March 21 happens upon 
a Sunday, Easter Day is the Sunday after It is also the case tiiat differences in the time of the 
Passover and the Easter celebrations arise from differences in the rules whereby the Paschal Moon 
IS determined, the Moon of the Jews being based on the rules laid down by Hillel m A r> 358 and 
that of the Christian Easter on certain cycles (to be described), with occasional readjustments Never¬ 
theless, the traditional association of Easter with the Paschal Celebration has been adhered to from 
very early times down to our own day, and that notwithstanding our use of a calendar which m all 



[l^rom d poytiait at btonyhunt 
POI>n GRICGORY XIIX 

Ill 1582 Ciegory XIII couccted the ciroi ol the Julian 
Caleudai by slightly modifying Cicsai’s lulc of the leap years 
He also leadjuslcd the Calendar dale of the spiiiig equinox 
to Maxell 21, the assumed date m ad S25 
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THE JESUIT ASTRONOMER, CEAVIUS 
Clavius was the chief of Pope Gregory’s advisers 
To correct the error of the Julian Calendar it was 
decided that only those century years should be leap 
years which are divisible by 400 without remainder 


other respects is a puiely solar one and quite independent 
of the lunations 

But the evistmg system of keeping Easter obviously 
means a considerable oscillation in the date of the festival 
The full Moons which determine it may fall between the 
limits of March 21 and April 18, so that by the ink adopted 
the eaihest and latest dates lor Eastci are March 22 
and April 25—a range of no less than thirty-hve 
days I 

It IS beyond our scope to discuss here in detail the i ules 
in use by western Christendom foi hnding Eastci , but a 
few words by way of general explanation may be of int('resl 
At the outset we may remark that the moon on which tlu* 
occurrence of the festival depends is not the actual moon 
of the heavens, which is obviously “ new ” on a clay the 
date of which differs according to the longitude of the 
observer, but a conventional moon which can be adopted 
all over the world, and which we may call the Calendar 
Moon 

This moon depends on a cycle of nineteen yi.iis, at 
the end of which the Sun and Moon return to veiy 
nearly the same positions relatively to the Earth Dili mg 
these nineteen years thme will be 235 lunations, so that 
the new Moons and full Moons duimg this intcival of 
time will repeat themselves about the same dates in 


successive cycles How near the agreement is will be seen from the following tiguies - 

d h m s 


19 fulian years =* 6939 18 0 0 
235 hinations = 6939 16 31 14 

This cycle of nineteen years is generally known as the Metonic Cycle, aftei the Athenum 
astronomer Meton, who discovered it in about the year 433 b c , though it seems to have been known 
previously in China and elsewhere 

But there is another point to be remembered in connection with Eastci It must fall on <i 
Sunday, and in consequence of the odd day at the end of the year the Sundays in successive (onnnon 
years occur on dates earlier by one day, and of course they fall two days carliei after hebnuiiy in 
the leap years The result is that the Sundays will not return to the same date's till the i*xpiration 
of twenty-eight Julian years, so that the complete cycle for Easter, according to the Julian systt'in, is 
19 X 28 = 532 years This is the cycle discovered by Victorius or Victoimus Aquitanus and 
adopted, apparently, by Pope Hilanus in aDw 463 It was this cycle, too, which Uionysius Exif^uns 
read]usted so as to make its commencement coincide with the supposed date of Christ’s birth as stated 
above 

Now, It wiU be obvious that under the reformed calendar of Gregory certain coirectiuns to this 
system of finding Easter are necessary Tables in which they are embodied are given at the bc'ginnmg 
of the English Book of Common Prayer They were compiled by Bradley, who was Astronomer 
Royal at the time of the adoption of the Gregorian calendar in England, and as explanations of tlu'ir 
use accompany them, little need be said about them here 

The Golden Number is the namber of the year in the so-called Mctonic Cycle as readjusted by 
Dionysius The name has its origin in the fact that the numbers of the years in Meton’s cycle with 
the dates of the new Moons are said to have been inscribed in letters of gold on the walls of the 
temple of ]\Imerva at Athens The Dominical, or Sunday letter, is the letter assigned to the days 
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on which the Sunda\s in the year fall, the first seven letters of the alphabet being assigned to the 
days of the successne weeks, beginning with A for January 1, B for January 2, etc , and A again 
for January 8 , and so forth It will be obvious that owing to the odd day over and above fifty-two 
weeks at the end of the year, the Sunday letter will retrograde one place each year, except in leap 
years, w^'hon the additional day in February will cause it to retrograde a second place Leap vears 
will accordingly ha\ e tw^o Sunda}/ letters 

Clavius, the chief adviser of Gregory XIII, made use of the Epact for the calculation of Easter 
Day The word Epact (derived fiom the Gicek epaUos, which means added) refers to the eleven 
days which must be added to twelve lunations (354 days) to complete the tropical Year (365 days) 

Now supposing a new Moon to fall on January 1 in a given year, on January 1 in the following and 
the remaining eighteen 5 ^ ears of the lunar cycle, the age of the Moon w^ouldbe eleven, twenty-two, three 
(deducting thirty as being a complete lunation), fourteen twenty-nine days respectively, 

and at the beginning of the next cycle ten, twenty-one, two, etc , the numbers retrograding by one 
in each successive cycle Owing, however, to small outstanding errors which are cumulative, there 
IS need of readjustments from time to time to keep the Epacts right with the Calendar It will be 
clear that from the Epact for any year which is the age of the Calendar Moon on January 1 , the 
date of the Full Moon occurring on or next after March 21 can be readily found, and this determines 
Easter by the rule abo\c given 

Now the oscillation in the date of Easter through a range of thirty-five days obviously involves 
certain inconveniences both in ecclesiastical and civil affairs, and there is in many quarters a 
demand for fixing the occurrence of the festival within much narrower limits To do this would, 
of course, involve a break with ancient tradition and an agreement on the point by the various 
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Kuiiis of the Icinplc of Mmeiva, on the walls of which it is said the numbei of the. year and the dates of tlit full Moons in the 
cvcle of Meton (nineteen years) were uisciibed in chaiacteis of gold 
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\ ecclesiastical authorities, which 

\ would be very desirable, or, 

indeed, necessary, if a change is 
made, might prove ex- 
~ tremely difficult to secure This 

E.^ 2 ) <l‘Li<-'‘5tion, amongst other Calendar 
Vlx problems, was discussed at a 

Conference convened by the 

x—^ League of Nations at Geneva, at 

. the end of August and beginning 

^ ' of September, 1923, at which the 

/ Roman, Eastern Orthodox, and 

/ Anglican Churches wcie repre- 

/"Hx sented by the Rev Father Gian- 

I / franccschi, S J , President of the 

\ Academy '"Dci nuovi Lincei,” 

j Professor D Egimtis, Director of 

THE siDEREAE MONTH AND THE EUNATiON thc Observatory of Athens, and 

Thiee positions of the Earth in its oibit aie shown At E(l) the Moon is “ new ” the writer, respectively It waS 

AtE(2) the Moon, having meanwhile tiavelled round the Earth, IS seen at M(2) . x xt insupcr- 

in its original position lelatively to the stars and a sidereal month has been ^ ^ £ 

completed But the Earth must tiavel as far as E(3) to give the Moon time to able objection tO the fixing of 
get round to the direction of the Sun (at M(3)), when it will be again “ new ” doe-matlC erounds but 

Accordingly, the month as measured by the Moon’s phases {luncition) is loiigei o o * 

than the sidcieal month (29 5 days to 27 3 days) it was felt that SUCh a departure 

from thc Church’s ancient rule 

would be likely to meet with considerable opposition However, this and other Calendar proposals 
were left open for further discussion in the near future, after they have been considered by thc various 
ecclesiastical and civil authorities concerned 

But supposing an agreement to fix Easter should eventually be arrived at, what Sunday, it may 
be asked, is most likely to be chosen ^ It seems obvious that the most suitable day would be the 
Sunday which falls closest to the actual dates of the events commemorated, supposing such can be 
ascertained Now we know that Our Lord was crucified on a Friday at thc time of the Passover, 
during the Governorship of Pontius Pilate at Jerusalem, and there are two dates which seem to 
satisfy the required conditions, namely, April 7 in the year a d 30, and April 3 in the ycai A d 33 
The former ot these is generally believed to be the more probable, but in any case they are close 
together If, then, Easter were fixed for the second Sunday in April it would almost always lall within a 
very few days of the commemorated event, and it would be much more accurately an anniversary 
than IS the case under the existing rule 

We conclude this chapter with a reference to what is called the Julian date From what has 
been already written it will be clear that the dates of past events are extremely liable to confusion 
and uncertainty owing to differences in the calendnal systems adopted Accordingly, for the purpose 
of avoiding all possibility of misunderstanding in the statement of dates, J Scaliger pioposed in 
1582 a cycle known as the Julian Period, consisting of 7980 (28 x 19 X 15) Julian yeais, its adopted 
starting point being January 1, 4713 bc and the yeai ad 1 being JE (Julian Epoch) 4714 In 
recording certain observations of astronomical phenomena, however, such as observations of 
variable stars, it is usual to give simply the number of the day without mention ot the year 
January 1, 1924, ^ g , is denoted J D (Julian day) 2,423,786, which is the number of days elapsed at 
Mean Noon 

It may be remarked that although, unfortunately as many people think, in 1925 and after the 
common astronomical day, like the civil day, will begin at midnight, the Julian day will continue 
to begin at noon 



splendour of the Heavens 


817 


CHAPTER XXIII 

ASTRONOMY IN NAVIGATION 

By Instructor Capt M A. Ainslie, RN, FRAS, FRMS 

O F all the useful applications of Astronomy to modern life, none surpasses in importance its 
application to Navigation It is of course true that position-finding by wireless telegraphy, 
which has already proved of great utility and will, in the near future, in all probability be 
greatly developed, bids fair to displace astronomical observation to a considerable extent, and may take 
its place altogether , but for the present, as a general means of determining the position of a ship when 
out of sight of land, astronomical observation is indispensable 

Before dealing with the principles on which the application of Astronomy to Navigation is based, 
let us consider for a few moments what is the problem to be solved When we speak of the “ position '' 
of a ship, what do we mean ^ 

In describing the position of a point on a sphere, such as the Earth very nearly is, we must define it 
by two measurements or co-ordinates and those m universal use are Latitude and Longitude The 
reader is probably well acquainted with the meaning of these terms, but it may not be out of place to 
remind him that Latitude is the distance of a place from the equator—or, if preferred, the angle between 
the radius of the earth through the place and the plane of the equator—measured north and south in 
degrees and minutes This definition is sufficiently correct for almost all purposes in Navigation, but 
it assumes that the Earth is accurately spherical A more accurate definition of latitude is that it is 
the inclination of the vertical at the place to the plane of the equator " A vertical, or '' plumb line, 
owing to the Earth being slightly compressed at the poles, docs not he along a radius—that is, does not 
point quite to the centre—except on the equator 
or at the poles The difference, however, so far 
as concerns the finding of a ship’s position, is 
practically unimportant 

Latitude, it will be seen, is defined by a 
natural circle—the equator , this, being equi¬ 
distant from the poles, is fixed by the Earth’s 
axis, which is not an arbitrary line Longitude, 
however, has to be reckoned from some arbi¬ 
trary zero or starting point Great circles —t e , 
circles whose plane passes through the Earth’s 
centre—can be drawn thiough the poles and at 
right angles to the equator , that half of such a 
circle, measured from pole to pole, which passes 
through a given place is called the Meridian ” 
of the place The longitude of the place is the 
angle between the meridian of the place 
and some fixed meridian arbitrarily selected, 
measured about the poles or it may be re¬ 
garded as the aic of the equator between the 
points where it is cut by the fixed meridian 
and that of the place At one time each nation 
had its own zero meridian, from which longi¬ 
tudes were measured , but for many years now, 
by common consent of almost all nations, that 
through Greenwich has been the zero, and is 
called the Prime Meridian ” Longitude is 



This diagram may serve to lemmd the leaclei of the meaning of 
these terms The latitude of the point A may be taken either 
as the length of AM or as the angle AOM, and the longitude 
of A IS either the length of UM, oi the angle MOT, or the angle 
lyPM at the pole P A is in north latitude and east longitude, 
B m south latitude and west longitude O is, of course, the centre 
of the Kaith, and G itprescnts Greenwich 
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measured east and west from the 
prune mendian, up to 180° only 

Distances, in navigation, are 
measured by a standard umt, the 
length corresponding to a smgle mmute 
of latitude on the Earth’s surface is 
called a “ nautical mile,” or, when we 
deal with navigation, sunply a " mile ” 
It IS, in fact, the distance that must 
be travelled on the Earth’s surface, 
along a mendian, in order that the 
direction of the vertical, or plumb, 
Ime may alter by one mmute of angle 
The Earth being flattened at the poles 
to the extent of about one part m 293 
(the Earth’s equatorial diameter is 
7926 8 land or " statute ” miles, and 
its equatonal diameter 7899 8), the 
curvature of the surface at the poles 
IS less than at the equator Thus one 
would have to proceed rather farther 
along a mendian at the pole than at 
the equator before the plumb hne 
would alter its duechon by one mmute 
of angle the length of the nautical 
mile is, stnctly speakmg, greater at 
the poles than on the equator Its 
length in vanous latitudes is given by 
the following table — 



VA3R.IA1ION IN TIER I,ENGTH OP THE NAtrllCAI, MU,® 

In this figure the i>oIar flattening ot the Earth is verj grcatlj tvaggeiatcU , 
if it were drawn in tiuc proportions the flattening would be quite invisible 
The arcs AA', BB', CC', Loch represent 10° difierence of latitude or 600 
nautical miles, and it is evident that the length of these arcs increases with 
increasmg latitude, being least on the equator and greatest at the poles 
KA, KA', EC, EC', etc, are all at right angles to the Earth’s surface, 
» a, la a vertical direction at A, A', etc 


if- ' 



This illustiates the principle of one of the old instruments used to obtam the altitude of a cdestial 
object at sea The s^ts A, B are directed to the horizon, and the vertical arm is Slid along the 
horizontal arm until the object observed oomes m Ime with C, the ejre bemg at A The altitude 
IS then lead on the scale on the horizontal arm 


N or ^ 

0° (equator) 6045 7 
15° 6049 8 


30° 

45° 

60° 

75° 


6061 2 
607b 7 
6092 3 
6103 7 


90° (poles) 6107 9 
For practical 
purposes, in British 
charts and publi¬ 
cations, the length 
of the nautical 


mile IS taken to be 
6,080 feet, which 
IS almost exactly 
its true value in 
latitude 48° N or 
S This IS called 
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the “ Admiralty Nautical Mile (It may as well be pointed out here that the nautical mile is not the 
same thing as the knot/’ although this error, in popular literature, is very commonly committed 
The " knot ” is a veloctty, not a distance it is the speed of one nautical mile per hour If such an 
expression as thirteen knots per hour ” means anything, it is that the ship’s speed is mcreasmg at the 
rate of thirteen knots every hour , it would be what mathematicians call an acceleration,” not a 
velocity ” The proper expression is simply thirteen knots ” ) 

In passing it may be remarked that those engaged in the daily practice of navigation, or—as the 
writer was for many years—in daily instruction in the subject, may be thankful that the Earth’s 
polar compression ” is as small as it is Navigators on the surface of Saturn, for example—if there 
are any, which is highly doubtful—would have to deal with a polar compression of one part in about 
nine and a half The nantical mile, therefore, at Saturn’s equator, would be 46,179 feet, while at 
his poles it would be no less than 64,455 feet—a difference of something like forty per cent t 

In any astronomical obser¬ 
vation which has for its object 
the determination of the posi¬ 
tion of a celestial body at any 
moment, we have to use some 
points or circles of reference , 
in a fixed observatory on land 
these are usually the meridian 
and the celestial pole (or 
equator), and fixed instruments 
—transit circles, altazimuths, 
etc —are provided for the pur¬ 
pose But from the nature of 
things the navigator is deprived 
of these standards—he is on a 
shifting platform, and his instru¬ 
ments are anything but fixed , 
and in fact the only observation 
he can make with anything like 
sufficient accuracy is that of the 
distance of a celestial object 
from his horizon—called its 
'' altitude ”—which is usually 
defined as '' the arc of a vertical 
•circle between the horizon and 
“the body ” From this, by sub¬ 
tracting from 90°, is obtained 
the zenith distance,” which is the quantity usually employed m the actual computation necessary 

to find the position of the ship 

It will readily be understood that the instruments employed by the navigator for making his 
fundamental observation of the altitude of a celestial object are likely to be very different from those 
employed by the astronomer in his fixed observatory on shore, and ever since observations of Sun, 
Moon, and Stars were first taken at sea, much ingenuity has been devoted to their design At first the 
instrument employed seems to have taken the form of a large pair of compasses, one leg of which was 
directed to the horizon and one to the object observed, the eye being of course at the joint, but such 
an instrument would be very rough indeed The first improvement was probably the introduction o 
sights, similar to those of a gun, which would undoubtedly increase the accuracy of the observation 
Another form of instrument used was the “ cross-staff ” , this consisted of two wooden bars at ngh 



This IS an improvement on the Cross staff, since it is possible to see the horizon and 
the object observed at the same time, and in the same direction The observer 
stands with his back to the Sun (or other object) and gets the horizon in Ime with 
the centic of the miiroi He then turns the mirror about B so as to see the Sun by 
lellection, and leads the altitude on the arc at C 
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angles, one of which was directed to the horizon, 
while the other, which could be shd to and fro along 
the horizontal arm, was adjusted so that its upper 
extremity came into line with the object Another 
form of this mstrument had the two bars relahvely 
fixed, and the vertical one had a shding “ foresight ” 
which was brought into line with the object, the alti¬ 
tude being read olf on a scale in the vertical bar The 
writer has been informed that even at the present 
time a primitive mstrument of this kind is in use on 
the West Coast of Afnca From the very earliest 
times it seems to have been noticed that the altitude 
of the pole star changed as one sailed North or South 
The pole star is rather more than a degree from 
the pole, and since the latitude of a place is equal to 
the altitude of the celestial pole, the altitude of the 
pole star would serve as a somewhat rough, but for 
primitive purposes useful, indication of the latitude 
Even if the early navigators were ignorant of the 
meaning of the term “ latitude,” they at any rate 
probably knew that at any given port the altitude of 
the pole star was more or less constant, and that 
it could be recorded by a notch cut on the vertical arm 
of the cross-staff When at sea, then, all that they 



By courtesy of] [Messrs Heath & Co 


THE MODERN SEXTANT 

Tlie sextant illustrated is a good example of the best modem 
practice m design and manufacture , it should he compared with 
the primitive quadrant shown in the last figure, which, however, 
IS identical m principle Here the sextant is shown fitted with 
an inverting telescope, a shade in front of the horizon mirror to 
reduce the glare from the horizon, and another shade between 
the mirrors to reduce the light of the Sun 



hadee\’vS quadrant 

Hadley’s Quadrant was the prccuisoi of the modeln 
sextant, and is the same in piinciple Ihe lubtiumeiit 
illustiated is somewhat inoie ci )inpliealed than the usual 
form, hut the piinciple—that of two images in the same 
field of view, their lelative positions being umiffeeted by 
any motion of the insliuiuent— is the s<iiiie <is in the 
simpler form, and foinis the gieat advantage of the 
instrument o\ ei its laedeeessors 

had to do to make then i)oit was to steer a 
northerly or souther 1} coin sc until the pole 
star came into the notch when they could 
steer east or west until they arnvccl at the 
coast, when they would at any rate be some¬ 
where near their port 

A further impro\cmcnt was the '' back- 
staf ” In this instrument a miiror pivoted 
about a horizontal axis so that its inclination 
could be read from a dnidcd eiicle, took the 
place of the vertical arm rif the cross-staff, and 
was fixed at one end of th(‘ horizontal arm 
The observer stood with his back to the Sun, 
and directed the arm to the horizon , the 
mirror was then tuintcl so as to reflect the 
Sun's light to his eye, and tin altitude read off 
from the divided circle This method of taking 
the Sun's altitude was a distinct advance on 
the preceding, since with the cross-staff it was 
by no means easy to keep the horizontal arm 
accurately on the horizon and at the same 
time to align the sight on the object observed 
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With the back-<^taft, U< e\-er, both horizon and object were seen in the same direction, and their coinci¬ 
dence could be niort easily observed 

The back-stcitt, lum i ver, had one very great disadvantage, unless the instrument was held absolutely 
steady, the image of tin object, and the horizon, were in constant relative motion, and in fact observa¬ 
tions were cxtrenieH ilitlicxilt Some instrument was required in which the relative position of object 
and horizon, as seen v onlcl remain constant in spite of the motion of the ship and the inevitable un¬ 
steadiness of thehamlof the observer, and this was provided by Hadley’s Quadrant,” invented in or 
about 1731, which in itN modern form of sextant ” is still m universal use by all navigators throughout 



the world, the onl\ niodiiication in it being that a telescope is usually employed to view the object and 
horizon, and that instcMd of measuring angles up to ninety degrees (whence the name Quadrant ) 
it is now capable ot measuring angles up to 130 or 140 degrees, so that it is not confined to the 
measurement of altitudt s of celestial objects, but may be used for many other purposes in navigation 
Since the actual length of the divided arc of the instrument is rather over sixty degrees, or a sixt o 
a circle, the instrument is nowadays called a " Sextant ” 

The above brief accourit of the early astronomical instruments used in navigation does not pr^en 
to include all, or nearlv all, the devices which have from time to time been suggested, but it may e o 
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interest as tracing roughly the course of evolution of the sextant, and the principle of this beautiful 
instrument deserves some consideration 

The principle of the Sextant, put briefly, is that the deviation of a ray of light after reflection at two 
plane mirrors is double of the angle between the mirrors This will be understood from consideration 
of the details of the instrument itself The sextant consists essentially of a frame shaped like a fan, or 
sector of a circle, on which are mounted two plane mirrors, both at right angles to the plane of the frame 
One of these mirrors (called the '' horizon glass is fixed at about the middle point of one radius of 
the sector, and the other (called the index-glass ”) is pivoted at the apex of the sector, and from it 
proceeds a long '' index-bar ” which lies across the frame, and ends in a pointer travelling along the aic 
of the sector, which is divided to show the position of the pointer or index For greater accuracy of 
reading the pointer usually takes the form of a vernier The zero of the graduations on the arc is (or 

should be) adjusted so that 
the pointer shall read zero 
when the planes of the two 
mirrors are parallel Op¬ 
posite to the horizon glass, 
and on the other radius of 
the sector, is a “ sight,'' 
which in the old instru¬ 
ments was usually a small 
aperture to which the eye 
could be applied, but which 
in modern sextants is 
usually a small astrono¬ 
mical telescope of power 
about SIX or eight dia¬ 
meters This telescope is 
placed so as to point 
through the centre of the 
horizon glass, and there is 
usually an adjustment by 
which it can be brought, 
without altering its direc- 
[M A Ainshi. tiou, towards or away from 

CORRECTION OF ALTITUDE FOR DIP OF THE SEA HORIZON tlic frame In Order that 

Ihe Earth being globular, an observer raised above its surface sees the sea horizon slightly the horizon may be Visible 

depressed below the true horizon, so that the altitude he observes with his sextant is fbrnno-l f 1 1 

rather too large A correction depending on his height above the sea has to be subtracted rnrougn me tClCSCOpe, Only 

from the reading of the sextant half of the horiZOn glass 

IS silvered, the other half 

—that farthest from the frame—being left clear , the dividing line between silvered and unsilvered 
portions is parallel to the frame of the instrument To reduce the light of the Sun to a comfortable 
intensity, or to avoid the intense glare from the horizon which is common when the Sun's altitude is low, 
shade glasses of various intensity are provided in front of index and horizon glasses, which aie pivoted 
so as to be swung into line when desired , these, as well as the mirrors, have to be very carefully worked 
and as accurately plane as possible 

Suppose now that we wish to observe the altitude of the Sun The sextant is held with its frame 
vertical and the index-glass uppermost, and the telescope is directed to the horizon at the point ver¬ 
tically under the Sun If now the mirrors are placed parallel, so that the index or pointer reads zero, 
an image of the horizon will be seen in the telescope, formed by the rays which have passed directly 
through the unsilvered part of the horizon glass, an image will also be seen of the horizon, formed by 
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rays which have been reflected successively from the index and horizon glasses , since these have been 
placed parallel, the two reflections cause no deviation of the rays, so that the direct and reflected images 
as seen in the telescope will coincide If now we wish to bring the Sun into the field of \iew, we can do 
so by swinging the index-glass backwards until it is at the proper angle to reflect the Sun's rays to the 
horizon glass and thence to the telescope To do this the pointer has to be moved along the arc, and 
away from the observer, and a little consideration of the well-known law of reflection w ill indicate that 
the angle through which the pointer and index-glass must be moved is exactly half the Sun's altitude 
If then the graduations on the arc arc made half degrees, but marked and read degicts, it is evident 
that the Sun’s altitude can be directly read off from the arc without further trouble As all the com¬ 
putations of solar observation have to be based on the altitude (or zenith distance) of the centie of the 
Sun’s disc, and this is not an observable point, it is usual to observe one limb (generally the lower) of the 
Sun and to apply a correction for the apparent scmi-diameter as obtained from the Nautical Almanac 
(This applies also to the Moon ) The limb is adjusted, by means of a slow screw motion applied to the 
pointer or index-bar, so as just to touch the horizon as seen in the telescope , for most observations the 
time of the observation is also noted by a watch which is compared with the chi onometer The accuracy 
of reading by 
means of the ver¬ 
nier usually fitted 
is ten seconds of 
arc (oi, in the 
latest pattern of 
Admiralty " sex¬ 
tant, 0 2 minute), 
but as a 1 ule a 
single observation 
cannot be de- 
pended on within 
about one minute, 
except perhaps 
under veiy favour¬ 
able conditions 
The position of 
a place on the 
Earth’s surface 
being commonly 

defined by its latitude and longitude, the most obvious thing would appear to be to make an 
observation of the Sun or other celestial object furnish us with one or other of these two co¬ 
ordinates , and this was, until comparatively recently, the common practice E\ci since astro¬ 
nomical observation was applied to the determination of the position of a ship at sea, it was found 
a fairly simple matter to determine the latitude , we have already seen that this is given 
(rather roughly) by the altitude of the pole star, and the observation of the altitude of a 
celestial object on the meridian is a ready and convenient method of determining latitude with con¬ 
siderable accuracy The zenith distance of a celestial object on the meridian (commonly known as 
“ m z d or meridian zenith distance) is always cither the sum or the difference of the latitude of the 
place and the declination of the object, the difference, if latitude and decimation arc both north or both 
south, and the sum, if they arc of opposite names ” The zenith distance is of com so obtained by 
subtracting the altitude from ninety degrees, and the declination is given for any day by the Nautical 
Almanac, and corrected for the time of the observation, a simple addition or subtraction sum then 
gives the latitude In the event of clouds preventing observation of the altitude of the Sun or other 
celestial object on the meridian, an observation near the meridian may be made, b} means of the 



CORRUCIION OF ORSFIU IvD Al^liruOlC FOR ATMOSiniKRIC RFFRACIION 
On passing lliiougli the almosphuc the hght liom an objeet is bent tlownw<U(ls tow aids the Eaith, 
so that an oliseivei secs the object at a gieatei altitude than is leally the case A eoiieetion lias to 
be siilAiactcd from the obseived altitude, depeiiduig on the <iltitn(k , at the hon/on it is about lialf a 
degiee, about F at 41®, and zeio iii the /enith 
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sipplication of sina-ll corrections for winch, convenient tables have been constructed, to give the latitude 
with almost the accuracy obtainable from a meridian observation 

But It was quite otherwise with the other co-ordinate—the longitude From the earliest times the 
determmation of longitude presented difficulties which proved insurmountable until the motions of the 
Moon were sufficiently well understood to enable her aid to be called m The ideas of the early navi¬ 
gators on the subject of the longitudes of the ports they visited were, in many cases, almost absurdly 
incorrect, judging from present knowledge 

The reason for this uncertainty about longitude is simple Longitude can only be measured by 
connecting it in some way with the Earth’s rotation, and if we neglect the motion of the Sun among the 
stars, it is not difficult to understand that it is the angle through which the Earth must rotate in order 
that the Sun may pass from the meridian of Greenwich to that of the place, or vtce versa It is, in fact, 
the difference between the hour angle of the Sun at the place of observation, and at Greenwich , or 
m other words, the difference between local and Greenwich time Longitude is often expressed in 
terms of time, allowing twenty-four hours to the 360 degrees, or one hour to 15 degrees (One minute 
of longitude is thus equivalent to four seconds of time) 

Now there is no difficulty in finding, from an altitude of the Sun, by means of appropriate formulae 
for computation, the local time at the place of observation, provided the latitude is known with suffi¬ 
cient accuracy—this is necessary, since the latitude enters into the formulae used—but we have seen 
that the determination of latitude is not a very difficult matter, given suitable objects on or near to the 
mendian—so that if we have any means of knowing the Greenwich time at the moment of the obser¬ 
vation we have at once, by taking the difference between the two times, the longitude of the place 
expressed m hours, etc , which can be converted into degrees, etc , by multiplying by fifteen For the 
determmation of local time it is essential to use an object as far from the meridian as possible, so that 
the change of its altitude may be as rapid as possible in fact the conditions for the determination of 

local time (and longitude) are 
just the reverse of those de¬ 
sirable for the determination 
of latitude The latitude used 
in the determination of local 
time cannot of course be ob¬ 
tained from the same observa¬ 
tion , wc must find it from an 
object on or near the mendian 
The great difficulty, how¬ 
ever, as regards the determina¬ 
tion of longitude was the fact 
that there vas no reliable 
method known of finding the 
Greenwich time of the obser¬ 
vation Clocks indeed were in 
use on land, but even these 
were of very second-rate accu¬ 
racy compared to those of the 
present day, while at sea of 
course anything with a pendu¬ 
lum is absolutely useless It 
was therefore necessary to look 
about for some indication of 
Greenwich time which would be 
available all over the world , 


ZENITH 



planets Venus and Mars when near the Earth—a small conection has to be added 
to the observed altitude to allow for the size of the Earth In the diagram this 
correction is the difference of the angles SOIy and SCM, or the angle COS or SOR 



and in the year 
1514 we find the 
first suggestion of 
the use of the 
Moon for the pur¬ 
pose The motion 
of the Moon among 
the stars is much 
more rapid than 
that of any other 
celestial body on 
an average she 
covers her own dia¬ 
meter in something 
like fi f t y-n i n e 
minutes It is ob¬ 
viously possible to 
employ the Moon 
as the hand of a 
great celestial 
clock, the stais, 

Sun, and planets, 

being the marks on the dial Assuming that the motion of the Moon is sufficiently well observed and 
understood to enable hei position among the stars to be accurately predicted, there would be no diffi¬ 
culty in obtaining the Greenwich time at any moment by observing her distance from one or more stars 
(or Sun and planets) and comparing the observed distance with that picdicted for certain specified 
Greenwich times But at that time the motions of the Moon were not understood with anything like the 
necessary accuracy , and it was not until aftci the middle of the Seventeenth Century that this method 
of obtaining Gieenwich time was sciiously considered It was for the express puiposc of improving the 
theory of the lunar motions, for the benefit of navigation, that Greenwich Observatory was founded in 
1675 by Charles II 

Other methods of obtaining Greenwich time had m the meanwhile been suggested, the eclipses and 
occultations of Jupiter’s satellites, for example, arc phenomena for which the Greenwich time can be 
predicted with considerable accuracy, and, given a telescope of suitable power, it might (in theory) be 
possible to observe them at any time when Jiipitei is above the horizon, and when—though this is not 
so frequent as might be desired—such phenomena arc taking place This method, however, has never 
proved of any utility, for two leasons the phenomena in question arc anything but instantaneous, and 
at the best the time deduced from them would be uncertain, and no telescope of sufficient power to 
render them easily visible could for a moment be used at sea This method therefore is of purely 
theoretical interest, and—as far as the piescnt writei is aware—^has never been usefully employed 

In practice, up to the latter part of the Eighteenth Century, the observation of lunar distances 
was the standard, and indeed, the only method by which longitude could be determined, and though 
the observation with a sextant of the angular distance of the Moon from the Sun or a star or planet is 
by no means easy to carry out with the requisite accuracy, and the computations necessary to obtain 
the longitude are long and laborious, even with the assistance of special tables, the results obtained 
were not by any means to be despised A practised observer with a good sextant could generally depend 
on his longitude thus found to within fifteen minutes or so, and the mean of several observations often 
gave a result correct to within two or three minutes But the necessity for the “ Lunar ” was 
soon to disappear In 1761 Harrison produced the first practical chronometer, and navigators could 
for the first time “ carry the time with them , and although lunars were for many years to retain their 
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UATITUDIC BY MERIDIAN AI/lIiUDK OP IHP SUN 
Tlic (liagi im shows the ichilivc of pole, equator, etc , foi a plicc in north latitude, the Sun 

being 1101 th of the cquitoi ? t , in summer Ihcdiumal path of the Sun from sumisc to sunset is 
also shown It will be seen that the latitude is in tins case the sum of the declination and meridian 
zenith distance /OQ and PON au equal since POQ md ZON arc both light angles 
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place among standard methods, and in the education of the officers of the Royal Navy and of the 
Mercantile Marine, the steady improvement of the chronometer in the hands of Arnold, Earnshaw, and 
others soon increased, beyond anything that had been hoped for, the accuracy of longitude determination 
at sea 

We have now briefly discussed the most simple ways in which latitude and longitude can be deter¬ 
mined the former by a meridian altitude of the Sun or other celestial object, and the latter by an 
altitude well away from the meridian, the Greenwich time of the observation being noted by means of 
the chronometer, and the local time calculated from the observed altitude Let us now see how the 

position of the 
ship would in 
practice be deter¬ 
mined In general, 
of coin sc, the ship 
is not at rest be¬ 
tween the two ob¬ 
servations , but its 
'‘run between 
sights ” may be 
determined with 
fair accuracy by 
means of the com¬ 
pass and log line, 
due allowance 
being made for 
winds and cur¬ 
rents so far as 
their etlects can be 
gauged The pro¬ 
cedure m a simple 
case would be some¬ 
what as follows — 
The navigating 
officer, armed with 
his sextant, and 
accompanied by 
an assistant with 
a watch which has 
been recently com¬ 
pared with the 
chionometcrs (as a 
rule three m num¬ 
ber) so that its 
error on Green¬ 
wich Mean Time is known, observes the altitude of the Sun some three oi four hours befoic noon 
When he has made a good “ contact,” % e , when he has got the image of the Sun just to touch the 
horizon as seen in the telescope of his sextant, he calls " stop ” to his assistant, who notes down the 
time and the altitude as read on the arc of the sextant, this operation is lepeated three or more 
times, and the mean of altitudes and times taken The altitude as read on the sextant has then to be 
corrected for various errors First there is the “ index-error ” of the sextant, this is due to the index, 
or vernier, not exactly reading zero when the nurrors are parallel, and as it is fairly constant, and can 



This illustrates the simplest astronomical method of filing the ship’s position at noon , the dotted 
Imes indicate the method of obtammg the longitude from the first observation by working the coirect 
latitude back fiom noon It is not usual, however, to wait until the noon latitude is known bcfoic 
working the earlier observation, and the latter is worked, as a rule, with an assumed latitude, and 
a correction to the longitude afterwards applied when the tiue latitude is known 
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easily be determined at any time, no 
great trouble is so far caused Next 
there is the fact, to be allowed for, 
that the Earth is a globe, and that 
the observer's eye is raised—some¬ 
times considerably—above its sur¬ 
face The ef ect of this is that the ob¬ 
server sees the horizon, apparently, 
below its proper position, so that 
his altitude as observed is some¬ 
what too great This correction 
IS tabulated , its value, in minutes 
of arc, happens to be slightly less 
than the square root of the height 
of the observer’s eye above the sea 
in feet Next an allowance has to 
be made for the refraction of the 
rays of light from the Sun caused 
by the Earth’s atmosphere This 
refraction has the effect of slightly 



Photo ^y^ [M A AtnsUe 

‘SIIOOTlNCr IHB SUN” MIDSHIPMlvN, RN, lAKING 
OBSURVAlIONS FOR POSIIION 

Daily practice in fixing the ship’s position by aslroiioimcdl obscivations foims 
an impoitant part of the instruction of Ivlidshipmcn afloat Ileic a class is 
taking the Sun’s altitude on the mciidian, fiom the qiiartei-deck of a battleship 
of twenty live yeais aijo 



in general, give three different results, which indicate points on the chait lying 
appioximately on a straight line (actually on a circle of very gieat radius) This 
line IS called a “ position line,” and the ship must be somewheie on it The position 
line IS at light angles to the Sun’s bearing, which is piactically the same at each of 
the three points Of couise, only two points are really nceessaiy to define the 
position line, but thiee are here shown to illustiate the principle Ihis is Sumner’s 
original method, and gives a chord, of the circle of position In the more modern 
method a tangent to this circle is obtained, but the diffeienee is inappreciable 


laising the apparent place of 
the Sun m the sky, so that 
the coriection, which is ob¬ 
tained fiom tables, has to be 
subtracted Next, in the case 
of the Sun and Moon, a cor¬ 
rection has to be made for 
what IS called “parallax", 
the mathematical calculation 
lequired to obtain the local 
time of the observation is 
based on the assumption that 
the diameter of the Earth 
may be neglected, i e , that 
the observation is made from 
the Earth’s centre instead of 
from its surface This in¬ 
volves an additive concction 
which, m the case of the Sun, 
never exceeds 8 8 seconds, 
but m the case of the Moon, 
may be as great as a whole 
degree For planets—with 
the possible exception of Mars 
and Venus when they are near 
the Earth—this correction is 
usually unnecessaiy, while for 
stars it IS, of course, utterly 
inappreciable Lastly, when 
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the Sun or Moon is observed, account must be taken of the fact that it is always the hmb 
which IS observed (usually the lower hmb m the case of the Sun) and not the centre of the 
disc , a correction therefore has to be made, either additive or subtractive, for " semi-diameter,” 
which amounts to about fifteen minutes Convement tables are provided for Sun and stars by which 
all these corrections (except, of course, that for mdex-error, which depends on the sextant m use) can 
be apphed as one quantity, the case of the Moon requires rather more work, smce the parallax and 
semi-diameter vary with great rapidity, depending on the Greenwich time of the observation The 
computation then proceeds as follows the Sun’s true altitude being known, it is subtracted from 
nmety degrees to give the true zemth distance A latitude is now assumed, as near to the truth as can 
be deduced from the ship’s run smce the last observations, allowance being made for currents, etc , as 
far as possible With this assumed latitude, the true zemth distance, and the decimation of the Sim, 
tuTrm from the Nautical Almanac, and corrected for the Greenwich time of observation, a computation 
is maHp. by the formulae of Spherical Trigonometry, resulting m the Sun’s hour angle, commonly called 
" Ship Apparent Time,” or ” S A T ” The “ Equation of Time ”—obtamed from the Nautical Alm^ac 
like the dedmation, and corrected m the same manner—is now apphed, and we have the S M T or 
" Ship Mean Time ” The difference between this and the " G M T ” (known from the tune by the watch) 

IS converted into degrees, etc , and the result is the longitude 

The assumed latitude, combined with the longitude found from the observation, gives a fresh 

starting point, and the ship's run 
to noon IS either worked out or 
laid ofE on the chart A few 
minutes before noon the navi¬ 
gator sets his sextant to what 
he knows will be approximately 
the Sun’s altitude at noon, and 
as before, he " makes contact ” 
of the Sun’s hmb with the 
horizon The Sun’s altitude near 
noon increases very slowly, and 
he follows it by making contact 
from time to time, until the 
altitude IS a maximum this he 
takes to be the meridian alti¬ 
tude , he corrects this as before, 
applies the dechnation, and the 
result is the “ latitude by mer 
alt ” at noon This will m general 
differ from the latitude at noon 
found by working up the ship’s 
run from the assumed latitude at 
the earher observation , this in¬ 
dicates that his longitude is also 
in error, for it will be re¬ 
membered that the assumed lati¬ 
tude entered mto the calcula¬ 
tions for the longitude He now 
either works back from the true 
noon latitude and finds the true 
latitude at the time of the first 
observation, and reworks the 



[M A A%fisli>e 

THE CIRCW OF POSITION 

K, If, M, are three places on the Earth’s surface at whidi the Sun’s zenith distance 
13 the same This zenith distance is indicated by any of the angles marked m the 
diagram, and may be measured by the arcs KG, EO, MG, G being the “ geographical 
position,” or pomt where the Sun is m the zenith Therefore, K, E, M, aU lie on a 
cuxde whose centre is G and whose radius is the arc KG, which is the zenilh distance 
common to the three points Any other place at which the Sun has the same 
zemth distance must lie on the same circle , so that a smgle observation locates 
the ship somewhere on this cnde, and we can draw a small pait of the cirde m our 
immediate vicimty by finding one pomt on it—such as E —said drawing a tangent 
to the cirde, whidh practically comcides with the cirde for a short distance, say 

30 or 40 miles 
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longitude with this true latitude, then bringing 
the longitude forwards (by the ship's run) to 
noon , or he applies a correction to the longitude 
which is found by convenient tables, and which 
depends on the Sun's true bearing at the time 
of the first observation, which is itself found 
either by calculation or by Azimuth Tables 
specially constructed for this purpose This is 
the more usual method Of course if the navi¬ 
gator IS not anxious about his longitude at the 
time of the first observation, he may defer the 
working of the first observation until he knows 
the true latitude , but this is in general not de¬ 
sirable, unless the ship is well clear of any possible 
danger 

To recapitulate the first observation is taken 
some hours before noon, when the Sun is well 
away from the meridian, and worked (with an 
assumed latitude) for longitude This latitude 
and longitude are brought up to noon , the true 
latitude IS found by observation at noon , and a 
correction is applied to longitude for the error in 
the assumed latitude 

The above may be called the straightforward, 

" classical" method, and is the simplest way of 
finding the position at noon , but modifications ^ Aptshe 

have to be introduced if, for example, the Sun is transperi-^ing posmoN eine por run 

not visible at noon, or the position is required a, B,C,D, all he on the pobitionlmeoblamcd by an observation, 

before noon with regard to some possible danger , are all thciefoie pos^bu positions ot the ship at the time 
° -- of the obseivation If the ship’s lun is laid off on the chart 

in fact the variations on this method, as well as fiomtachof these m turn, points a', will be obtained 

the modifications introduced by the use of Moon whicU arc all possible positions alter this lun These he on a 

, T . 1 . 1 j straight line parallel to the original position line, so that the 

or stars, are endless and cannot he here detailed position ime might be found by laying off the run from 

They all, however, have this in common two diawmg A'd' parallel to ad through 

, ' the point thus obtained 

observations at least are required, either simul¬ 
taneous or separated by an interval during which the ship's run must be allowed for , and as a rule, 
one observation is worked for latitude and the other for longitude 

We may now pass on to the great development of astronomical methods in navigation due to the 
conception of “ Lines of Position," and usually associated with the name of Sumner, though it seems to 
have occurred to many astronomers and navigators as well However, Sumnci's enunciation of the 
principle may very well be taken as an illustration Sumner's was at any rate the fii st published account 
of the principle, though at a still earlier period it appears to have been employed, both in the Royal 
Navy, and by others 

Capt Thomas Sumner, of the USA Mercantile Marine, was, in or about the ycai 184(5, making a 
passage from the USA to London, and on nearing the S W coast of Ireland his position was un¬ 
certain owing to several days having elapsed without observations of the Sun On the sky dealing, 
he obtained an altitude of the Sun in the forenoon, its bearing being somewhat to the south of east 
A latitude was assumed, and the resulting longitude worked out, a point on the chart being thus 
indicated on the assumed parallel of latitude As there was considerable uncertainty as to the latitude, 
the longitude was again worked with a different assumed latitude, and a fresh point on the chart 
obtained, a third assumed latitude was taken and a thud point obtained It was then noticed that 
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the three points obtained lay on a straight line, and that this straight line passed through the position 
of the Fastnet Rock On working the observation once more with the latitude of the Fastnet, the 
longitude of the Fastnet was obtained . and he inferred that the observed alUtuie must have occurred 
at the same mstant at all points on this straight line, and, further, that this straight line was at right-angles 
to the Sun’s bearing It followed that at the time of observation the ship must have been somewhere 
on this straight line Whether or not Capt Sumner reahsed the pnnciple (presently to be described) 
of the “ Circle of Position,” he had at any rate discovered a method of making use of his observation, 
even though his latitude at the time might have been quite uncertain 

The basic prmciple of " Position Lines ” may now be explained, and it will do no harm if we take a 
homely illustration at the outset 

Suppose a bandstand in some public gardens, surmounted by a brilliant electric light, and surrounded 
by chairs placed in circles with the bandstand as the centre An observer who took the trouble to 
observe the angular altitude of the light ^ , its “ angle of elevation with suitable instruments from 
the chair which he occupied would, it is fairly evident, obtain the same result if he moved to any other 
chair in the same circle, further, he might, if he were to record the altitude of the light as he observed 
It, identify the circle m which he was sitting at some future time, by noting which of the circles gave 

the proper altitude 
to the light , the 
observed altitude, 
in short, would 
locate him on a 
particular circle 
Further, the direc¬ 
tion of the part of 
the circle in his 
immediate neigh¬ 
bourhood would 
be at right angles 
to the direction in 
which he saw the 
light 

The step from 
this terrestrial il¬ 
lustration to the 
celestial conditions 
is a short one For 
‘‘ electric light 
read '' the Sun or 
other celestial ob¬ 
ject , let the 
chair turn into a 
ship of which the 
observer is the 
navigator, then 
an altitude of a 
celestial object 
locates the ship on 
a certain circle on 
the Earth's sur¬ 
face, and the direc- 



The first observation is worked for longitude, a latitude being assumed , the lesullmg longitude 
brought up (by applying the run) to the time of the second observation, which in this case is near 
the meridian and is worked for latitude The position line in each case is at right angles to the Sun’s 
bearmg at the moment of observation, which is obtained from tables Although the first obseivation 
does not give a correct longitude, nor the second a correct latitude, the resulting position lines are 
correct, so that^the intersection of the second position line with the transferred first position line 
is the true ^ship’s position at the time of the second observation Until the introduction of Marcq 
St Hilaire s method this was the standard method of finding the ship’s position, and it is still vciy 

commonly used 
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tion oi that part of the circle 
in the immediate vicinity of 
the ship IS at right angles to 
the bearing of the celestial ob¬ 
ject The centre ot the band¬ 
stand becomes the point on 
the Earth’s surface which has 
the celestial object in its 
zenith , and this is called the 
Geographical Position ” of 
the celestial object, and some¬ 
times the “ Sub-solar Point ” 

If the observer could stop 
the rotation of the Earth, so 
as to keep the geographical 
position of the object fixed, 
and travel towards this point, 
he would find the altitude of 
the object mciease by one de¬ 
gree for every sixty nautical 
miles he travelled (a nautical mile, it will be remembered, is the value on the Eaith’s surface of a minute 
of angle at the centre), so that his distance from the gcogiaphical position is the number of minutes in 
the zenith distance of the body In all practical cases this distance is very great, foi example, if the 
altitude of the object were seventy degrees it would be 1,200 nautical miles , so in his immediate 
vicinity he would make no serious error if he considered his circle as a straight line—if, to put it in 
another way, he used the tangent to the circle instead of the circle itself 

Now in any practical case the bearing or direction of the object (or its geographical position, which 
IS the point vertically beneath it) would not alter much from point to point of the circle, provided we 
•do not go more than, say, thirty or forty miles, so a rough knowledge of the ship’s position is quite 
sufficient to enable us to calculate the bearing of the object at any moment of (irecnwich time, that is, 
to calculate the direction of the tangent to the “ circle of position ” This tangent is called the “ Position 
Line We know its direction , if wc can find one point on it we can draw it on the chart This point 
may be found, either by assuming a latitude and working the observation to give the corresponding 
longitude, or vice versa, according to the bearing of the object, if near the meridian we woi k for latitude, 
and if well away from it, for longitude In either case the point thus found is marked on the chait, and 
a straight line drawn through it at light angles to the bearing of the object, this is the line of position, 
and the observation has given us the valuable inlormation that we must b(' somewluTe on this line 
although It does not tell us where 

But if we can, either fiom an observation of another object at the s<imc time, or of the 
same object after it has had time to change its bearing considerably, obtain another line of posi¬ 
tion, we must evidently be at the intersection of the two lines, so the ship’s position is 
finally determined 

We have, however, so far assumed the ship at rest between the observations, but the motion of 
the ship is easily allowed for All we have to do is to take any point on the position line obtained from 
the first observation, and to lay off from it on the chart the ship’s run in the interval between the obser¬ 
vations , this will give us another point which, it is true, may not be the actual position of the ship, 
ut which IS at least a possible position Any number of possible positions might thus be obtained by 
starting from different points on the first position line, and they would evidently all he on a straight 
line parallel to the first position line , so the simplest thing to do is, to draw a straight line through the 
new point parallel to the original direction of the position line, and this is our position line at the time 



PRlNOlPl^U OF MARLQ Si HII.AIRIVS MKHIOD 
Hue the /ciiith disUiiicc c<ilculalcd for the afesumed position is less than that observed , 
so the ditfeienec is laid off along the line of the Sun’s beaiing, aiuay from the geogiaphical 
position, and the position line, which is a tangent to the ciicle of iiosition, is dxawn 
thiough the iiomt thus obtained, at right angles to the line of beai mg If the calculated 
/D wac, the f;natu, the diffcicuce woiild be ineasmed in the opposite diiection, 
t e , towcucis the geoguiphietd position 
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of the second observation, as determined by ih. first The position line obtained from the second obser- 

vation crosses this at the ship's position k -,, 4 - 

It will thus be seen that Ln if only one observation is obtained something is known about the 

ship's position , namely, that she is on a certam straight Ime on the chart This mforination may be 
mal of service at a time considerably after the observation, for this Ime as we have just seen may at 
any time-say two or three hours later-be utihsed, being moved about the char according to the ship s 
lun in the interval The advantage of such a Ime of position, especially near land, is very great for 
example, if it is parallel, or nearly so, to the coast-line, it tells us at once how far the ship is from land 
If It passes near some danger, it shows how we must steer to avmd that danger, in fact, it is very often 
almost as useful as would be a precise determination of the ship s position 

So far we have confined ourselves more or less to the determination of latitude or longitude such 

from the altitude 

of a celestial ob¬ 
ject , and it was 
mentioned above 
that latitude ob¬ 
servations had to 
be taken on or 
near to the haen- 
dian, and longi¬ 
tude observations 
as far from it as 
possible Many 
navigatois have 
therefoic assumed 
that if an object 
IS too far from the 
meridian for lati¬ 
tude observations, 
and too near it to 
give the longitude, 
it was of little use 
to observe it at all, 
and much valuable 
information has 
thus often been 
missed We have 
now to consider 
the very valuable 
general method 
known as “ Marcq 
St Hilaire's," 
aftei the French 
Naval Ofhcei who 
suggested it many 

[M A A^nshc ycars ago—though 

POSITION BY MAJRCQ ST HrcAiREi’s METHOD general adop- 

For this illiistralioii the same observations were used as for that on page 830 (the older method) " o 
Here the zenith distance observed was 14 4 minutes less than that calculated, at the tune oi the first tion as the Stan- 

observation, and thirteen mmutes greater at the time of the second Had other positions been dard method in 
assumed, these values would have been different, but the same position lines would have been ,, -r, i x r 

obtained, and therefore the same final position ^he ivoyai Navy IS 
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of quite recent date, and in the 
Merchant Service it has, even 
at the present time, been to a 
great extent neglected 

Marcq St Hilaire's method 
IS what might be termed a 
'' trial and error" method 
Suppose we assume some posi¬ 
tion for the ship, which is 
known to be not far from the 
truth, say within thirty or 
forty miles The altitude and 
chronometer time arc as usual 
taken, and the concctions (de¬ 
scribed above) applied to the 
observed altitude, the true 
zenith distance being deduced 

Now suppose that we com¬ 
pute, from the Greenwich time 
as given by the chronometer, 
and the position assumed, the 
zenith distance of the object 
If this IS the same as that 
found by observation, then the 
position line must pass through 
the assumed position, and as we know its direction from the bearing of the object, wc can draw it at 
once But in general the zenith distances, calculated and observed, will differ To take a numerical 
example, suppose that the assumed position is 50° N lat and 12° W long , that the zenith distance 
calculated from this position is 35° 17', and that as obscived it was found to be 35° 23' Wc know 
therefore that the assumed position is distant from the geographical position of the object by the 
number of minutes in 35° 17', le , 2,117 miles Similarly, we know that the ship's distance from 
the G P IS 2,123 miles, % e miles more That is, the radii of the two circles struck from the G P 
as centre and passing through the assumed position and the actual position respectively, differ by 
6 miles, the circle through the actual position having the greater radius We arc, in fact, 6 miles farther 
from the G P than we thought Suppose now that the bearing of the object, as obtained from the 
tables for the assumed position, is 43° west of south, or “ S 43° W " Draw a line on the chart through 
the assumed position away from the G P , ^ ^ , in the direction N 43° E , this will be a radius of 
the two circles just mentioned Measure 6 miles along this radius, ^ e , away from the G P , or N 43° E , 
this brings us to a point on the actual ciicle of position on which the ship is situated Draw a tangent 
to the circle of position through this point, t e , running from N 47° W to S 47° E , this is the 
required position line, which may as before be moved about the chart according to the course and speed 
of the ship If the obseived zenith distance had proved to be the smaller, of course the dilfercnce 
would have been measured the other way, or towards the G P To obtain the actual position of 
the ship, we can as before obtain another position line, either from another object or from the same 
obj ect (in the case of the Sun) after an interval, the intersection of the two position lines gives the Fix," 
or final position 

The advantages of this method are considerable The navigator need no longer worry as to whether 
an object is suitable for the determination of latitude or longitude, any object, no matter what its 
position in the sky, will give a reliable position line, assuming of course that the horizon is dearly visible, 
and all observations are worked by the same formula It will be noticed that this method does not 



USE OF A SINGEE POSITION EINE COMBINATION OF AN ASTRONOMICAE 
POSITION EINI^: WITH A BI^ARINCt OF A TERRKSIKIAE OBJIvCT 
Even if the bearmc; of the lighthouse had not been obtained (by eompass), the 
position of the ship would be known to be somewhere on the astronomical position 
line shown, and it would only be neeessary to steer along the position line to pass 
clear ol the rocks <ind thice f<ithom patch Ihe ad<lition«il fact that the beaiing of 
the light was N 2 F 1C serves to iix the position completely 



834 


Splendour of the Heavens 


give the latitude and longitude as such, but it enables us to do what is in geneial far more important, 
namely, to mark on the chart the ship^s position relative to any possible dangers , the latitude and 
longitude, if it is desired to record them, can be easily measured from the chart 

When two position lines are thus combined to give the ship*s position, it is important that the angle 
between them should be as nearly as possible a right angle , certainly not less than fifty degrees if it 
can be avoided, though of course very often the navigator has to take what he can get The position 
line IS best regarded, not as a mathematical straight line, but as a band which may, according to 
weather conditions, clearness of horizon, etc, be one or two miles in width, the intersection of two 
position lines cannot be considered as an accurately-dcteimined point, but should be regarded as a 
parallelogram, inside which the ship is probably situated A prudent navigatoi would always take that 
point in the parallelogram, which seemed to put his ship nearest to a possible danger, as his fix 
It will be seen, if the reader will draw a few examples, that the length of the parallelogram may be 
several miles, if the angle between position lines is small—it the ‘'cut ’’ is bad Under the 

best possible conditions, with a right angle between the lines—a “ ninety degrees cut the 

parallelogram is a square, or a rectangle if the one observation is considered more reliable than the 
other When possible, a third or even a fourth position line should be obtained, to give greater 
certainty 

The width of the “ position band —to com an expression for it—is due to several causes , 
instrumental errors of the sextant, want of clearness and sharpness of the hoii/on, and uncertainty 
as to the error of the chronometer, are obvious causes of inaccuracy, though the last, in these 
days of wireless time signals, is usually negligible But the most serious cause of uncertainty, 
though happily uncommon, is abnormal displacement of the apparent horizon Instances of this, 
which appears to be due to peculiar and often unsuspected conditions of temperature of air and sc.<i, 
have been recorded to the extent of eighteen miles, and on one occasion when at anchor a 
few miles west of Portland, the writer, together with several of his pupils—all capable observers 
obtained, on an apparently normal fine summer’s day, a position for the ship more than three* miles 

inland i Little is known even now 
as to the causes and amount of this 



displace ment, but it must always be 
considered a possibility 
' Before leaving the subject of posi¬ 
tion lines, it should be mentioned 
I that a very excellent position may 
' often be obtained by combining an 
^ astionomical position line from a 
celestial object with a line of bearing 
of a point on land When approach¬ 
ing land, loi example, a position line 
may be obtained from a celestial ob¬ 
ject and moved along with the ship , 
if a light IS then sighted and its 
bearing taken by compass, the line 
of bearing drawn on the chart will 


^ Aimhe j^y ^ts intersection with the previous 

FINDING THF TIME BY OBSERVATIONS WITH SEXTANT AND nnQitinn linp at onCe e'lve thc fix 

ARTIFICIAL HORIZON position ime at once give tnc n\, 

Observations for time with, the artificial horizon form part of thc series of often With great accuracy 
observations sent in by Midshipmen, Royal Navy, to qualify for the rank of Xhc application of Astronomy tO 

Lieutenant The observer is here seen on the nght, viewing thc Sun’s image xt f :. A 

as reflected m a trough of mercury, protected from wmd by a glass roof Navigation IS by nO means continecl 

His assistant is noting the time at which he “ makes contact» of thc two to the determination of a ship’s pOSl- 

images, by means of a chronometer (the latter hidden in the photograph by 

his right foot) The angle observed on the sextant is m this case about 120® tion The aZimuth, Or truc bearings 
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of a celestial object can always be obtained from the 
chronometer time or from its altitude, this can 
be compared with the bearing by compass, and the 
all-important eri or of the compass can be thus 
readily determined Again, before the days of wireless 
time signals, the error of the chronometer had to be 
inferred from its error as determined by a time-ball 
or other signal on shore, and its (previously determined) 
daily rate—or amount lost or gained per day The 
daily rate of even the best chronometer is subject to 
alteration , and m consequence, after long absence from 
any source of correct time, the uncertainty m its 
error might amount to several seconds If, however, 
the navigator lands at some spot of which the posi¬ 
tion is well determined, he can observe the Sun’s alti¬ 
tude by reflection in a trough of mercury (commonly 
known as an “ artihcial horizon ”) and deduce the 
Greenwich Mean Time from his observation, so obtain¬ 
ing a fresh determination of the error and rate of his 
chronometer The necessity for such observations, 
however, has practically disappeared with the advent 
of wireless time signals , even a good watch, constantly 
checked by these, will usually serve all the pui poses 
of the navigator, so far as determination of positions 
IS concerned For surveying purposes, however, ob¬ 
servations with the artihcial horizon—which arc far 
more accurate than those obtained at sea—are of great 
use in fixing the positions of points on shore, islands, 
etc, the Greenwich time being known by wireless 
signals 

CHAPTER XXIV 

CHARTS AND NOTES FOR OBSERVERS 

PART I —A MODERN MAP OF THE MOON 

By W Good ACRE, ERAS, 

Prestdent of the British Astronomical Association 

N the following pages will be found a reduced copy of this Map in 25 sections 

The original Map was drawn on a single sheet 77 inches in diameter, afterwards reproduced 
in 1910 m 25 sections on a scale of 60 inches to the Moon’s diameter These 25 sections are now 
further reduced to meet the exigencies of the space available 

The Map has recently been revised and brought up to date, and is now the best m existence available 
for students of the Moon’s surface 

The number of named formations is 522 

The limited space available has not allowed of more than the briefest description of the same In 
those sections where the surface is very crowded with craterlike formations, reference to some of those 
of little importance has been omitted 

All the coarsei details on the maps are visible m comparatively small telescopes, but much of the 
finer detail, such as craterlets and some of the delicate clefts, can only be seen by the use of large tele¬ 
scopes under good conditions 




Photo by\ \M A Atmlie 

lAKmCr iHic C(3 m;pass nn-'ARiNO of riiK 

SUN WITH Tim: KEIyVIN AZIMUin PRISM 
The Ntivigaling Oilicci is (b->tiving the Sun by 
means of «i piisni mounted on the compass, and so 
airanged that l)y mc<ms of a simple, optical ‘system 
he bc.es the image projected on the divided ciiclc of 
tlie compass caicl By computation of the Sun^s 
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SECTION I. 

Agnfpa A Ring Plain 28 miles in diameter with bright steep terrace walls rising 7,000 to 8,000 
feet above the interior 

At the centre is a bright central peak—as well as two clefts running N and S , one on each side of 
the central mountain 

About 10 miles to the east of Agrippa is an isolated mountain mass marked M Abutting on the 
W wall IS a large enclosure marked P, traversed from N to S by a cleft 

Albategmus A fine walled plain about 80 miles in diameter with a massive complex boundary 
containing peaks rising from 10,000 to 14,000 feet in height The interior contains a number of craters 
of which A and B are the largest There is also the remains of a large cential peak The most inter¬ 
esting objects on the floor are a number of shallow saucerlike depressions, which are only visible for a 
short time when near the terminator 
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Bod& A crater nearly 11 miles in diameter with walls bright and conspicuous at full These nse 
about 5,000 feet above the interior 

Boscovitch An irregular incomplete nng plain with many evidences of having suffered from erosive 
forces—the floor, which is one of the darkest spots on the Moon, is crossed by a cleft, difficult to detect 
Flammanon A nng plain 40 miles in diameter, whose onginal walls seem to have been more or less 
destroyed by the erosive action of lava, when the Sinus Medii was forming There are about 20 craterlets 
in the interior, those shown being the largest The intenor is also crossed by a cleft which ]oms a 
larger one runmng across the N E boundary nearly as far as Lalande 

Godin A fine well-formed crater with high terraced walls There is a peak at the centre of the 
intenor To the E is a large oblong enclosure marked P 

Herschel A large well formed circular crater 28 miles in diameter The intenor slopes are very 
bnght and much terraced At the centre is a massive oblong mountain mass Outside to the N is a 
smaller crater A, the intenor of which appears to have been partly filled with lava To the W of A 
IS a deep broad valley said to be 80 miles long and 10 miles wide m places 

Hind A distmct crater to the W of Halley, 16 miles in diameter, with walls nsing to a considerable 
height—a little to the N W is a crater C from the N E walls of which 2 deep valleys cut through the 
mountains and debouch on the floor of Hipparchus 

Hipparchus A vast mountain-ringed enclosure of very irregular shape, more than 90 miles in 
diameter The walls are broken in many places by passes and deep bay-like indentations The intenor 
contains a great vanety of craters and ndges , most of the former, excepting Horrocks, seem to show 
traces of the erosive action of lava when the surface was in a molten condition 

Horrocks A fine bnght nng plain 18 miles in diameter and situated on the Western side of the 
intenor of Hipparchus From Horrocks there runs a delicate cleft S W to the wall of Hipparchus 
In the intenor of Horrocks are some low mountain masses 

Hyginus A small crater about 4 miles in diameter, only remarkable for its association with one 
of the most interesting valleys or clefts on the Moon's surface This cleft is visible with a 2-mch telescope 
and can be detected under all angles of illumination The cleft runs westward for many miles, but 
after passing M it becomes narrow and more difficult to trace That portion which runs N E from 
Hyginus is also easily seen m a small telescope In large instruments the valley is seen to have many 
craterlike enlargements along its course 

Lalande A nng plain 15 miles in diameter standing m an isolated position on the Mare Nubium 
Its irregular walls are of no great height, but the intenor, which contains a low central mountain, falls 
to a depth of some 6,000 feet below the plam It is surrounded by many elevations which appear to 
have been reduced by the action of erosive forces m the past To the S W will be found a long 
valley which extends as far as the rampart of Alphonsus, a distance of more than 130 miles 

Mosting A nng plain 15 miles in diameter with regular circular walls nsing 1,600 feet above the 
plain, and between 6,000 and 7,000 feet above the interior It contains a central mountain peak To 
the N W is a large rumed nng plain M, of the original walls of which only a few isolated ridges now 
remain 

Murchison A fine specimen of a mined nng plain about 35 miles in diameter, where only the 
N W segment of the ongmal waU is complete A few mountain ndges show the remains of what was 
once a complete nng of considerable importance At the Southern end of the Western ridge is a fine 
crater A 

Palias Lies to the E of Murchison and seems to have suffered less from eiosion than its neighbour 
Pallas is 35 miles in diameter and contains a central mountain peak To the S are a number of curved 
ndges which have the appearance of bemg all that now remam of several, at one time, complete rings 
Ptolemaus A great walled plain about 90 miles in diameter 

It IS the most northerly of a chain of three great mendional nng plams, the other two being 
Alphonsus and Arzachel Ptolemaus is one of the best observed areas on the Moon, and has occupied 
the attention of many selenographers in the past, with the result that we have a complete record of all 
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the details to be found on its surface—these consisting of craterlets, crater pits, and shallow bowl-like 
depressions, numbering more than 100 in all, whose positions have been determined with great accuracy 
On the interior, there is a fine cleft running alongside the eastern boundary, and passing through the 
wall into a wide valley as shown on the map Most of the details mentioned require a powerful telescope 
for their detection 

Reaumur Another fine specimen of a partially ruined mountain ring, having a diameter of about 
20 miles On the interior is a cleft R which joins another running at right angles with it These objects 
are visible only in a powerful telescope 

Rhaehcus A considerable ring plain N of Hipparchus with irregular broken walls, rising m one 
place to about 5,000 feet—the ramparts are broad and contain a number of craterlets and depressions— 
a low mountain ridge is found on the interior , the floor is crossed by a fine distinct cleft, which cuts 
through the wall and extends as far as Reaumur 


w 
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Schroetei' A mountaia-nnged plain whose > onglnal walls have been reduced and partially 
destroyed by erosive forces It will be noticed that a section of the S wall has entirely disappeared 
Near the centre is a small well-defined crater 

StlbmcMag A bright distinct deep crater 9 miles in diameter abuttmg on the S side of the 
Anadaeus Cleft 

Stms Medn One of the smaller plams (so-called seas) near the centre of the Moon s disc, compris¬ 
ing an area of about 13,000 square miles 

Sommmng An anaent nng plain, about 17 miles in diameter, whose walls have suffered from 
erosion in a «mi1ar manner to those of Schroeter, which it somewhat resembles The E wall is low, 
but the fragment of the W wall, which now remains, rises to about 4,000 feet 

Tnesnecker A nng plain 14 miles in diameter, interesting not only m itself but also because of 
its association with a very remarkable system of clefts, which are found outside its western rampart 
Some of these clefts are fairly easy objects even in small telescopes, but many of them are very 
dehcate and requue considerable optical means for their detection It is a cunous fact that no clefts 
have been found on the E side of Tnesnecker 

XJkert A crater 14 miles m diameter, with polygonal walls The surroundmg country is very 
mountainous The most conspicuous object is a fine valley V running N W to S E, nearly 80 miles 
in length and havmg a breadth of 6 miles 

SECTION II 

Alfraganus A crater 12 miles m diameter, noted for the bnghtness of its steep walls and surrounding 
surface It contains a small central peak To the South is a large smooth open plain (P) and a 
similar formation, also marked P, between Alfraganus and Taylor 

Arago A fine deep nng plain 18 miles m diameter, m an isolated position on the M Tranquili- 
tatis To the West are some curved ndges, evidently all that remain of once complete rings There 
are two dome-shaped hills, one outside the E wall and the other to the N From Arago and extending 
as far as Sosigenes is a long deft 

Anadaeus A small crater which is situated at the end of the well-known Anadaeus cleft or valley, 
one of the most interestmg specimens of this dass on the Moon, easily seen m a small telescope It 
runs for about 140 miles In full Moon, all trace of it is lost 

Capdla A large nng p lain fully 30 miles m diameter Its walls are far from arcular—at its 
centre is a massive mountam mass connected to the N W and S E ramparts by a ndge 
Cayley A bright crater 10 miles in diameter with regular walls 

Censonnus A briUiant httle crater with bnght surroundmgs, one of the brightest spots on the 
Moon 

Delambre A large deep nng 32 miles in diameter with massive terraced walls—at one place the 
crest of the rampart rises to the height of 14,000 feet above the floor—which contains a small peak 
and some other details 

De Morgan A small crater 3 or 4 miles m diameter To the S is an open plain P from which a 
coarse valley runs towards Delambre for about 40 miles 

Descartes An incomplete nng plain 30 miles m diameter, with broken and irregular ramparts, 
the whole formation being ill-defined 

Dionysius A nng plam 13 miles in diameter notable for its great bnghtness To the West 
are several defts—one R 4 connects Dionysius to Ritter 
DoUond A small bnght crater about 6 miles in diameter 

Gaudibert A considerable crater with low walls—^the floor contains several parallel ndges 
Hypatia An irregular walled plain fully 30 miles m diameter It has on its S wall a fine 
crater A 

Istdorus This fine irregular shaped endosure abuts on the E side of Capella, which it resembles 
only m size Its floor is darker m tone and more depressed It contains a fine crater A 
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Jukus CcBsar A large incomplete walled plain of which the S W ramparts have almost entirely 
disappeared, thus giving it the appearance of a great bay on the shores of the M Tranquilitatis— 
the interior is very dark, especially to the N It is quite smooth except for a few crateilets There 
IS a wide valley outside the W wall consisting of several large confluent craters 

Kant A deep ring plain 21 miles m diameter with very bright walls and visible under all angles of 
illumination The walls are said to be double It has a large central mountain peak On the plain 
to the W is a massive mountain A rising to the height of 14,000 feet 

Maclear A small irregular shaped crater The floor is only slightly depressed below the plain, 
and gives the impression of having been partially filled up with lava—it contains a feeble central 
hill—running N is a delicate cleft 

Madler A ring plain on the Marc Ncctaris about 20 miles in diameter with walls rising some 6,000 
feet above the interior, which contains a central peak connected to the N rampart by a ridge The 

SECTION III 
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Eastern half of the floor is much darker than the Western From the West wall runs a bright curved 
streak for about 50 miles, terminating at the bright crater A 

Manners A small distinct crater 9 miles in diameter with a small peak at its centre 
Maskelyne A fine distinct ring plain on the M Tranquilitatis, about 18 miles in diameter The walls, 
which are not circular, are terraced on the inner sides It contains a central mountain of moderate size 
Mare Tranqmhtahs One of the darkest and largest of the great grey lunar areas termed mana 
by the ancient astronomers Its surface, as will be noticed from the maps, is covered with innumerable 
ndges, hills, mounds, craters and craterlets, and is scarified by many clefts and valleys 

RtUer A companion ring to Sabine, having walls nsmg about 4,000 feet above the depressed 
mtenor To the S is a small crater to which Neison has attached the name of Schmidt Ritter is 
the centre of a complex system of clefts as shown on the map Some of these are within the reach 
of small telescopes, but others require very powerful instruments to detect them 

Ross A fairly distinct ring plain about 18 miles in diameter It contains a small central peak 
Sabine Very similar in size and appearance to Ritter, and is a good illustration of the fact that 
craters on the Moon are often found in pairs of equal size From the S side run two parallel clefts 
along the margin of the mare 

Sosigenes A small nng plain with regular circular walls about 14 miles in diameter Between 
Sosigenes and Maclear are the remains of a once complete ring of considerable size It has at its centre 
a slight mountain peak 

Taylor A deep elliptical nng plain 25 miles in length The mtenor contains a central peak 
and some ndges, also a craterlike depression 

Theon Jr , and Theon Snr Two bright craters almost identical in size and appearance with 
level intenors, each about 11 miles in diameter 

Theophilus A magnificent mountain-nnged plain—one of the finest objects of its class on the 
Moon’s surface, and presenting a splendid spectacle when seen under the rays of the rising or setting 
sun, it IS about 64 mdes in diameter, its massive ramparts rising in places from 14,000 to 18,000 
feet above its interior The inner walls are very rugged and terraced On the interior is a 
massive central mountain split up into several high peaks From the outer walls to the N run a 
number of radial ndges, which can be traced as far as Torncelli, and on the Western side some 
distance on the surface of the M Nectans 

Torricelli A curious small nng plain having a smaller companion in contact with its E side, 
the common wall separating them being broken down at the point of contact Torncelli stands on the 
floor of a large ancient nng P, and this is traversed N to S by a delicate cleft or valley 

Whewell A small bnght crater east of Cayley and about 7 miles m diameter On the environs of 
Whewell the surface is pitted by a great many small craters which require considerable optical power 
to reveal them 


SECTION III 

Bessel The largest and bnghtest crater on the surface of the Mare Serenitatis, about 10 miles in 
diameter, with a continuous nng nsmg about 4,000 feet above the mtenor Bessel stands on a long 
curved ndge 

Bond A distinct crater about 12 miles in diameter On its Eastern side is a long cleft or valley 
running N and S Its length is about 170 miles It terminates near the Eastern side of Romer 

Chacornac An irregular polygonal nng plain about 30 miles in diameter At its centre is a crater- 
let, and the floor is crossed by 2 ndges and 2 clefts The latter seem to connect with 2 others running 
in the direction of Le Monnier 

Daniell A conspicuous nng plain 18 miles in diameter—through foreshortening it appears elliptical 
in shape It is connected with Posidonius by some ndges and a cleft 

Dawes A small ring plam near Phnius, standing on a large bnght area, and containing a small 
central mountain 
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Jansen An obscure ring plain, whose low walls have apparently been reduced by erosion and the 
interior partly filled up with lava when the surrounding sea was in a liquid condition 

Le Monmer An incomplete ring plain about 33 miles in diameter which now appears as a great 
bay in the margin of the M Seremtatis—where its Eastern ramparts once stood, there are now only 
low ridges 

LtUrow A small ring plain in the mountainous country bordering the M Seremtatis Its Southern 
wall is broken by several wide passes Outside its E wall is a long curved cleft not easily seen 

Maraldt A large ring plain with a smooth dark interior, has apparently been partially filled up by 
material flowing in from an adjacent mare when the latter was in a liquid state 
Maury A small crater hardly of sufficient importance to be specially named 
Menelaus A fine distinct bright crater about 20 miles in diameter, standing on the S margin of 
the M Seremtatis Its walls are bright, massive, broad and steep and rise to about 6,000 feet above 
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the intenor, which contains a central peak and other elevations To the S W is a curious square 
enclosure marked P A bnght streak extends from Menelaus across the mare and be 5 ^ond Bessel 
Phmus A splendid example of a large mountain nng plain with high massive walls, about 32 
miles in diameter The intenor, which is darker than the surrounding plain, contains a complex central 
mountain, which sometimes appears as two craters in contact To the N and on the margin of the mare 
are at least three parallel clefts—the nearer one not being difficult to see 

Posidonius A large and interesting walled plain on the W margin of the M Seremtatis 61 miles 
m diameter The ramparts, however, do not rise more than 6,000 feet at any point Those on the 
seaward side seem to have better withstood the undermining and erosive action of the once liquid 
surface of the mare, but there is a distinct break at one point, through which probably this liquid 
matenal gained entrance to the interior On the intenor are a number of clefts, craterlets and isolated 
hilJs 

Romer A cunously irregular shaped mountain ring standing in the midst of the Taurus Highlands 
Its largest diameter is about 35 miles The walls are broad and terraced on the inner sides, and the 
floor contains many irregularities 

Mare Seremtatis One of the most prominent of the lunar grey plains, with fairly well-defined 
borders, which are in part formed by the Caucasus, Apennines, Haemus, and Taurus mountain ranges— 
its coast hne is about 1,850 miles m length, and it occupies an area of nearly 125,000 square miles 
Sulpicius Gallus A distinct crater on the margin of the mare, 8 miles in diameter 
Taquet 5 miles in diameter with bnght walls and standing on a bnght area, some clefts are 
associated with this object, as shown on the map 

Vitruvius A conspicuous crater ring 20 miles in diameter with bnght walls and a dark intenor, 
on which there is a feeble central mountain 


SECTION IV 

Apennine Mountains The most important range on the Moon It forms a portion of the S W 
boundary of the Mare Imbnum, presenting a very fine spectacle under a nsmg or setting sun In 
this range are four high peaks Mt Wolf, 12,000 feet, Mt Huygens, 18,000 to 20,000 feet, Mt Bradley 
nearly 16,000 feet, Mt Hadley, 16,000 feet The mountains on the seaward side fall abruptly to the 
plain, and present the appearance of a long line of chffs when seen at sunset This line is broken in 
many places by wide valleys which go back into the mountainous hinterland 

Aratus A small bnght crater 8 miles in diameter, situated m the Apennine Highlands 

Archimedes A fine ring plain 50 miles in diameter with broad low massive walls only nsmg about 
4,000 feet above the smooth interior, which is intersected E to W by a system of bnght streaks, and 
on which are a number of small craters, not easily seen Between Archimedes and the Aiienmnes are 
a number of clefts, some coarse, others very delicate objects 

Aristillus A fine large nng plain 35 miles m diameter with complex walls rising to 8,000 feet on 
the E and 11,000 feet on the W above the intenor, on which stands a massive central mountain, 
from the outer walls radiate ndges apparently of lava, which extend for long distances 

Autolycus A companion to Anstillus, though smaller m size, being 26 nules in diameter Its 
circular walls nse to about 9,000 feet above the mtenor, a chain of ruined crater nngs runs tangentially 
across the floor 

Beer and Beer A A pair of small weU-defined circular craters From Beer runs a cleft or chain 
of craterlets as shown, but not easily seen 

Conon A distinct deep crater 15 miles in diameter, situated in the heart of the Apennine moun- 
tarns It possesses a central peak 

Caucasus Mountains A range of massive mountains forming the N E boundary of the M Sereni- 
tatis It contains peaks varymg in height from 6,000 to 12,000 feet, whilst one mountain near Calippus 
IS said to reach 21,000 feet 

Eratosthenes A fine nng plain 38 miles in diameter at the Eastern termmus of the Apenmne 
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range The rampart is circular, but sometimes has the appearance of a number of linear or curved 
segments One peak on the wall rises 16,000 feet above the interior On the W the wall rises about 
10,000 feet The massive complex central mountain sometimes presents the appearance of a crater 
ring 

Haemus Mountains Form the S E border of the M Seremtatis with peaks rising from 4,000 to 
8,000 feet above the plain 

Linne A small crater standing on the edge of a small ruined ring plain One of the objects on 
the Moon where a great change has been thought to have taken place in modern times Not an easy 
object to observe 

Mamhus A fine bright ring plain 25 miles in diameter and easily seen under all angles of illumina¬ 
tion The wall, linear in parts, rises 7,000 feet above the interior, which contains a complex mountain 
mass 
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Marco Polo A small circular crater in the Apenmne Highlands standing near a remarkably wide 
and long valley 

SECTION V 

Bessar%on A small bright ring plain with a similar object to the S (E ) Both stand on bright areas 
Brayley A conspicuous bright nng plain 9 miles in diameter 

Carpathian Mountains A senes of mountain masses extending over 125 miles in length Here 
and there peaks nse from 5,000 to 7,000 feet 

Carlini A small distinct crater with walls nsing about 2,000 feet above the interior, which 
contains a central peak 

Dehsle A nng plain 16 miles in diameter, with irregular walls rising 6,000 feet above the interior 
—^it contains a low central mountain To the E on the plain is a long straight ridge P 

Diophantus A small ring plain with regular walls nsmg about 3,000 feet above the intcnor, 
which IS level and devoid of detail Outside to the E is a long valley R, terminating at a mountain M 
Euler A nng plain somewhat elliptical in form—19 miles in diameter with a floor depressed 
6,000 feet below the crest It has a considerable bright central mountain To the S is a group of 
isolated hills Euler stands at the centre of a number of radiating bnght rays 

Gay Lussac A ring plain of more than ordinary interest 15 miles m diameter On the interior 
are a cleft and a chain of craters running across the floor and continuing beyond the N wall for 
some distance 

Gruithu'isen A bnght little nng 10 miles m diameter, between it and Dehsle is a curious group 
of mountain ndges T and an ancient nng just below 

Caroline Herschel A bnght ring plain about 3,000 feet deep and containing a central peak 
From Car Herschel extends a very long ndge as far as Lambert 

Mare Imhrium This is the greatest of the lunar plains or seas, having a length of 750 miles 
and a breadth of 670 miles The area being about 340,000 square miles It is very variable in 
bnghtness and contains a great number of light streaks and spots 

La Hire A bnght mountain mass 5,000 feet in height, having a base length of 10 miles To the 
N E is another mass M, having 2 clefts associated with it 

Lambert A fine isolated rmg plain on the M Imbnum, nearly 19 miles in diameter, with well- 
defined circular walls of irregular height The central mountain is sometimes seen to be of cratcT-like 
form Lambert stands on a long serpentine ridge To the E is a mountain M, which shows as d 
very bnght spot about full Moon 

T Mayer A considerable rmg plam 22 miles in diameter Its W wall is said to rise 9,000 feet 
above the intenor On the interior are several objects In contact with the W slope is a fine distinct 
bnght crater A 

Pytheas A nng plain 12 miles in diameter with rhomboidal walls The walls and interior arc 
bright and at full Moon the whole is seen as a bright round spot From the S E wall runs a stiong 
mountain arm for 25 miles 

Timochans A fine nng plam 23 miles in diameter with walls rising about 7,000 feet above the 
interior The central mountain has a craterlet on its summit 

SECTION VI 

Bonpland One of a group of three obscure mountain-walled plains, the others being Parry and 
Fra Mauro It is 30 miles in diameter On the intenor are three clefts and a few irregulanties 
On the plam to the E is a group of isolated mountain masses E, the highest of which rises about 
2,500 feet 

Copernicus The grandest of all the large crater nngs on the Moon—56 miles in diameter- 
presenting a superb spectacle under morning or evening illumination The walls which rise to about 
12,000 feet above the intenor are at the crest thin and sharp The inner slopes are much terraced 
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'Uie floor, 40 miles m diameter, is more circular than the crest and contains a rnirlfmlp + i 
Ra<Uat.„g from the walls are many lava nd^es Copermcns 

bright rays spread in all directions ^ ^ 

Encke A ring plain 20 miles in diameter with polygonal walls less than 2,000 feet in heieht 
It has a central ridge running N and S 

Euchdes A very bright crater 7 miles in diameter and standing on a bright area 
Fra Mauro A large ruined ring plain about 50 miles in diameter The original walls bav^a 
greatly reduced by erosive action The interior contains a number of parallel ndges, some craterlets 
and a large cleft or valley which traverses it from N to S 

Gambart A small ring plain 16 miles m diameter with a dark smooth intenor 

trav«Ts“he ta '“““I wall, A wide valley 

traverses the interior N to S It also contains some craterlets, a hill and small cleft 
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Hortenstus A fine deep bnght ring about 10 miles in diameter 

peak, and some bnght rays are associated with this crater On the plain to the N 

™ AT^nLty A small nng plain 12 miles in diameter with low irregular walls A bnght ray runs 

from the S E wall for about 60 miles .. i i tyiooqivp tprraced 

Landsberg A fine nng plain 28 miles in diameter, with a cen ral peak The massive terraced 

walls are high, rising at one place to 10,000 feet To the S W is a large obscure nng G 

A detect Jght crater 10 mJes m dtamete To the SW « a moantam noaae M, 

“a‘'^“ plam 25 mUee m dtameter, ™th walls broken at pto 
4.000 feet It has on the intenor a distinct ciatei and a deft which nins E and W under e , 

and one under the W and E walls The latter is a continuation of the one which traverses Fra Maur 
Rtphaean Mountains 120 miles in length 

RlnhoU A fine nng plain 30 miles in diameter, with steep and lofty walls nsing at one pkce 
on the W to 9,000 feet above the floor, which contains a large but low central peak There is a small 
ring plain A on the N W side Many small mountains are scattered on the plain to the S 

sLi«s A ruined nng plain W of Copernicus, of which the onginal walls have entaely 
disappeared, or are represented by curved banks It contains a large number of cratcrlets, some o 
which form chains 

SECTION VII 

Agatharchtdes A large irregular walled plam. about 30 miles N to S On the intcnor are 

several mountain ndges ^ 

Bulhaldus A noble object 38 miles in diameter, of the same type as Copernicus Its ruy 
and much-terraced ramparts nse to fully 8,000 feet above the interior On all sides there arejidges 
radiating from the walls, which can be traced for many miles There is a complcv central peak o 

A large regular ring plam of about 30 miles m diameter Its smooth floor contams 

a few irregulanties not easily seen 

Capuanus A large irregular nng plain some 35 miles in diameter, the rampart rises to about 
8,000 feet above the mtenor The smooth floor is only disturbed by two or three minor elevations 
Cichm A bold deep mg plain more than 20 miles m diameter, with broad massive walls nsing 
8,000 feet above the intenor On the crest of the E wall is a fine crater G 

Clausius A small distinct ring plain near Drebbel n nn- u „ 

Doppelmayer A fine speamen of a large ruined nng plain on the margin of the M Humoru , 
about 40 miles in diameter There is a large central hill—the wall on the seaward side has practical y 

^^^^ssendi 55 miles in diameter, is one of the most interesting ring plains on the Moon’s surface 
and has been extensively observed The walls are irregular in height, and polygonal-reduced to 
mere banks on the S On the intenor is a complex central mountain, many ciatcrlets and an interesting 
system of clefts, some are easy but many quite difficult to see 
Herigomus A small nng plain 7 miles m diameter 

Hesiodus A ring plain abutting on the E side of Pitatus, about 20 miles m diameter On the 
mtenor is a distinct central crater From the E side extends a long wide valley as far as Capuanus, 
one of the finest of this type on the Moon 

HtppaUis An interestmg nng plain on the W side of the M Humorum. about 38 miles in 
diameter The S E rampart has been entirely destroyed The intenor is traversed N to S by a 
fine cleft, which is interrupted by several craters through which it passes 

Ktes An ancient nng plain about 28 miles m diameter, whose walls have been reduced very 
much by erosion The smooth floor contains several minute craterlets 
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Lee Another iiiined ring plain near Doppelinaycr 

Lubimesky A laigc ring plain, which, like Kies, has suffered much from eiosive forces 

Mare Humorum One of the smaller seas, about 260 miles N to S and 280 E to W , with an area 
of about 50,000 square miles There are a number of curved ridges near the borders, and many 
craterlets scattered over its surface Near the W side is a huge mountain mass M 

Mercator A large ring plain similar in many respects to its companion, Campanus 

Nicollet A small ring plain 11 miles in diameter 

Pitatus A large and most interesting walled plain, with a level flooi 45 miles in diameter There 
is a low central mountain and several clefts near the foot of the wall m various places There is a 
wide pass in the E wall running into Hesiodus 

Ramsden A small crater ring about 12 miles in diameter, standing at the centre of a fine system 
of clefts 
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Vitelh A fine ring about 30 miles m diameter Possesses a double nng and a small central 
mountain 

Wurzelbauer A large irregular walled plain about 45 miles in diameter, with ramparts very 
broken and complex It has a number of ridges and other objects on its mtenor 


SECTION VIII 

Abenezra 26 m diametei, with walls rising to 6,000 feet above the plain and 14,600 feet 
above the mtenor, thus bemg one of the deepest craters on the Moon Abenezra has encroached 
on an ol d<> r formation (A) The whole of the surroundings are crowded with all kmds of crater 

formations 

Airy A small nng plam with lofty broad walls and a central peak 

Apianus A fine rmg plain 38 miles in diameter, with fairly regular walls, which nse about 9,000 
feet 5)ove the smooth mtenor, broken only by 2 or 3 small craterlets 

Ahacensis 63 mdes m diameter The shape of the walls departs considerably from a circle 
On the i nnpr side of the W wall, there is evidence of a great landshp Generally the walls are massive 
and much terraced, and nse m places from 12,000 to 16,000 feet above the floor 

Alpetragius A fine massive nng plain 26 miles in diameter, with complete orcular walls rising 
on the W to 12,000 feet above the mtenor, which contains a large central mountam A httle to 
the E IS B, a bnght crater standing on a bnght area 

Alphonsus A great walled plam about 66 miles m diameter, with massive irregular ramparts 
m places 16 miles wide at the base, rising 6,000 to 9,000 feet The mtenor contains a number of 
mterestmg objects, mcludmg several dark spots and clefts associated with them 

Argelander A small rmg plam 20 miles m diameter, with terraced walls and a central peak 
Arzaehel A fine massive walled plam more than 60 miles in diameter, with regular and much 
teiraced ramparts nsmg 10,000 to 13,000 feet above the mtenor, which contains a number of hills 
and craters, and a fine deft runnmg at the foot of the W wall 

Ball A deep ring plam 26 miles in diameter, with walls nsing to 6,000 feet m height There is 

a large central mon^tam on the floor 

Btrt A amall rmg plain -with bnght circular walls broken by a small crater on the Western crest 
A fine cleft runs N and S just outside the E wall, the Southern half of which is difficult to see 

Blanchtnus A large walled endosurc about 63 miles m diameter The mtenor has two levels 
and IS traversed N and S by a number of parallel ndges 

Davy An irregular deep nng plain 20 imles m diameter Its wall on the S W is broken by a 
large crater A To the N W is a curved deft or valley, whose course is interrupted by four craterlets 
On the mtenor of Davy there is a delicate deft and the remains of a central peak 
Delaunay A massive nng plam divided into two parts by a large ndge 
Donah A small nng plain 20 miles in diameter with irregular walls 
Faye Siimlax to Donati 

Femehus A walled plain 30 miles in diameter The floor is free from detail except a few 
craterlets 

Gauncus A fine walled plain 38 miles in diameter with walls rising about 9,000 feet above the 
mtenor The chief object on the floor is the incomplete rmg F 

GemTna Ffiesitts An immense mountain walled enclosure with irregular ramparts, rising at one 
peak to 14,000 feet There are a number of hills and craters on the mtenor 

Hell Named after the Astronomer of that name A conspicuous nng plain 20 miles in diameter 
with high and terraced walls The floor contains a few hills There are a number of curved parallel 
valleys outside the W wall 

Lassell A small rmg plain with low walls 14 miles in diameter To the E is a mountam ndge C, 
and farther on D, a bnght craterlet on a bnght area 
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Lacaille A large ring plain 40 miles in diameter with walls rising to 9,000 feet The smooth 
floor contains a number of craterlets 

Lexell A large ruined ring plain with walls very much reduced by erosion, especially on the N 
side There is a group of large craters at the centre 

Nonius An irregular shaped walled plain of no particular interest 

Playfair A fine distinct nng plain 28 miles in diameter, with a smooth floor containing two 

craterlets 

Parrott A large, irregular, ill-defined enclosure about 40 miles in diameter It is almost separated 
into two parts by a curved mountain ridge 

Poisson An elliptical ring plain 50 miles by 30 miles 

Purbach An immense walled plain fully 70 miles in diameter, with irregular ramparts rising 
about 8,000 feet The interior contains many small and large craters, ridges and lulls 


SECTION Vlll 
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Regiomontanus A large formation of irregular shape, measured from E to W the diameter is 
nearly 80 miles On the interior are a number of horseshoe-shaped ndges, evidently the remains of 
once complete nngs 

The Straight Wall A remarkable linear formation more than 60 miles in length, once mistaken 
for an artificial object In reality, it is a fault in the surface An idealistic drawing of this is to 
be found on page 293 

Thebit A fine distinct nng plain 30 miles in diameter The normal circular wall has been 
distorted by the intrusion of a smaller nng plain A, which latter in its turn has a small crater on its 
eastern flank The mtenor of Thebit is very rough To the N E is a large circular enclosure P 
Walter A vast polygonal walled enclosure about 85 miles in diameter, its massive complex 
ramparts containing peaks up to 10,000 feet in height The interior contains many interesting 
features, and the whole formation when seen under a low angle of illumination presents a very fine 
spectacle 

Werner A remarkable circular nng plain 45 miles in diameter with high walls rising about 13,000 
feet above the mtenor On the E they are said to reach an elevation of 16,000 feet The interior 
walls are terraced and the floor contains a number of interesting formations 

SECTION IX 

Abulfeda A fine ring plain 39 miles m diameter, with steep lofty terraced walls on the E rising 
to 10,000 feet A remarkable crater valley runs tangentially from the S E wall as far as Almamon 
Almamon 28 miles in diameter, with moderately high walls and a floor containing no notable detail 
Altai Mountain Run for a distance of about 315 miles The crest vanes in height from 4,000 
to 6,000 feet It is said there are peaks however nsing to 11,000 and 13,000 feet The Western 
slope of the range is precipitous 

Azophi A compamon nng to Abenezra and about the same size 

Beaumont A nng plain 30 miles in diameter, with rather low walls which show signs of erosion 
in several places The mtenor contains many objects of interest including a crater chain A long 
mountain ndge runs N to Theophilus 

Busching Has a broken wall about 4,000 feet high, and on the mtenor little or no details of 
importance 

Catherina A large and interesting walled plain The walls are broken, with many peaks, craters 
and depressions, and it gives the impression generally with Cynllus of belonging to the oldest order 
of formations on the Moon 

Cynllus Resembles Cathenna in many ways, but is smaller Probably both were formed at 
the same epoch 

Descartes An incomplete nng plain about 30 miles in diameter, with irregular, broken and generally 
ill-defined walls On the floor is a fine distinct crater A 

Fermat 25 miles in diameter with a floor depressed about 6,000 feet below the crest of the lampart 
To the N are two nngs B and C, whose intenors have been filled with lava almost to the top of their walls 
Fracastonus A rumed mountam-nnged plain whose Northern walls have been reduced by erosion 
almost to the level of the plam The mtenor contains much fine detail, which has been thoroughly 
observed and mapped by several astronomers It is about 60 miles in width 

Geher A well-defined circular walled plain, with bnght terraced walls rising from 4,000 to 6,000 
feet above the mtenor The floor is free from notable detail 

Lindenau A large elliptical walled plam with regular walls On the mtenor is a complex central 
mountain 

Neander A nng plam, with massive regular and much terraced walls 34 miles m diameter The 
rampart nses m places to 8,000 feet above the mtenor, which contains a large central mountain and 
other objects 

Pons A large ear-shaped formation. 
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Ptccolomtni A noble ring plain 55 miles in diameter, with massive walls rising from 9,000 to 
14,000 feet above the interior The floor is free from detail except a large complex central mountain 
PolyUus A ring plain 21 miles m diameter, with low wall and a floor smooth and free from detail 
Rabh Letn A fine large mountain-walled ring The walls are irregular and broken by craters 
and depressions There is a series of parallel passes or valleys m the S wall The interior contains 
some fine crater rings 

Rheita A hne ring plain, elliptical through foreshortening, about 40 miles in diameter, with 
massive walls, carrying peaks rising to 14,000 feet above the interior, which contains a central peak 
Rtcmis A large ii regular enclosure about 40 miles in diameter, with a broad terraced wall on the 
E and on the floor some crater rings with low walls 

Rosse A fine deep bright crater 8 miles in diameter One of the brightest spots on the Moon 
A fine bright lay runs to N W past Bohnenberger 
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Sacrobosco A large irregular walled plain about 55 miles in diameter On the E the rampart 
nses to 14,000 feet, on the interior are two large crater nngs 

SUhomis A distinct nng plain about 25 miles in diameter, with irregular walls There is a 
peak at the centre of the floor 

Zagut A large irregularly-shaped mountain-walled plain, 50 miles in width At one place on the 
S W the rampart nses to 9,500 feet A large nng plain E has intruded on the Western side of the floor 

SECTION X 

The pnncipal objects of importance in this section are the great mountain-walled plains near 
the hmb and lymg in a mendional direction, Vendelmus, Petavius and Fumerius 
Adams A considerable nng plain with broken walls, containing some lofty peaks 
Ansganiis A well-defined nng plain about 50 miles m diameter, close to the limb, with apparently 
quite smooth floor 

Bhaim A fine walled plain, with regular walls It has a central peak 
Bellot A distinct bnght crater, 11 miles in diameter, of great depth 

Biot A fine bnght regular crater, about 10 miles in diameter, standing in an isolated position 
on the mare 

Bohnenberger An interesting nng plain about 22 miles m diameter The wall is broken at the 
N by a pass, and the mtenor has a curved central ndge 

Borda A nng plain about 25 miles in diameter, with high regular walls , has a central peak 
and a large crater between it and the W wall 

Colombo A large mountain-rmged plain, about 47 miles m diameter Its walls depart from the 
circular form owing to the mtrusion of a large crater A, 25 miles in diameter At the centre of 
Colombo is a complex mountam of not less than four peaks There are some wide valleys also on 
the floor on the Western side 

Crozi&r A small nng plain of little importance 

Cook A rmg plain, about 27 miles m diameter, with a dark mtenor containmg a distiiict 
craterlet at the foot of the S W wall 

Hose A large nng plam abutting on the S W side of Petavius, with steep rugged walls rising 
about 7,500 feet above the mtenor, which contains several craterlets 

W Humboldt A magnificent mountain-walled plain, one of the finest of its class, but owmg to 
its proximity to the limb it is rarely seen under good conditions It is elhptical through foreshortening, 
being in reahty a circle 130 miles in diameter One of the peaks on the E wall nses some 16,000 
feet The mtenor walls show evidences of landslips 

Legendre A large irregular mountain-walled plain, about 46 miles m diameter Down the centre 
runs a mountain ndge, and there are some craterlets on either side of it 

Maclure A small rmg plain about 15 miles in diameter, with a small central elevation 
Magelhaens A rmg plam about 24 miles m diameter, with a smooth mtenor dark m tone 
Retchenbach About 40 miles m diameter, without notable detail on the mtenor 
Pahfzsch A long valley-like enclosure outside the W wall of Petavius, about 100 miles long and 
14 wide 

Petavius One of the finest mountam-walled plains on the Moon Its massive high walls are in 
parts double On the E the crest nses to 10,000 feet and on the W to 6,000 above the mtenor The 
length from crest to crest is over 100 miles The mtenor contains many objects of mterest, including 
a complex central mountam 5,000 feet in height, a long wide valley about 25 miles long and 2 miles 
wide, runmng from the centre to the S E wall There are also several other clefts not easily seen 
Phtlhps A large elliptical rmg plam on the E side of W Humboldt 

Santbech A fine mountam-rmged plam about 42 nules m diameter, vnth lofty ramparts nsmg on 
the W to about 10,000 feet, and on the E to 15,000 feet above the mtenor, which contains a promment 
central peak 
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Snelhus A mountam-nnged plain with walls rising about 6,000 feet above the interior There 
IS a central peak, and from this runs a wide valley to the S , passing through a goige in the vail 

Stevtnus A large regular walled enclosure, similar m many ways to Snelhus It contains a large 
central peak The southern crest rises about 4,000 feet above the interior 

Vendehnus A large walled plain with most irregular ramparts The floor is comparatively 
smooth, but contains a large number of craterlets, and a fine cleft running N from the centre There 
are several large ring plains associated with Vendehnus and found on its boi ders 

Wrottesley A ring plain abutting on Petavius, with fine lofty linear walls rising to 9,000 ftet above 
the interior It contains a double-peaked central mountain 


SECTION XI 

The Moon’s equator runs across the centre of this section It contains the whole of the M Feciinditatis 
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Apollonius 31 miles in diameter, with a fine cleft crossing the floor, and othei minute details 
The walls nse 5,000 feet abo\ e the intenor 

Azoiit \ well-defined ring plain about 20 miles in diameter 

Cauchv 8 miles in diameter, very bright and distinct at fuU Mentioned for its association with 
the fine long cleft which cuts the plam on its Western side, and a long ndge on the plain on its E side 
Both ver\ interesting objects 

Fmmnicus A fine ring plain 38 miles in diameter, with ramparts rising 5,000 feet above the 
intenor The floor is level and dark in tone 

Goclemus 30 miles in diameter, with irregular broken walls The interior is dark and of the same 
shade as the surrounding mare Goclemus is the source of an interesting system of clefts 

Guttemburg A large irregular nng plain about 40 miles in diameter, the original rampart showing 
signs of erosion in many places The intenor contains interesting details in the shape of ruined nngs, 
mountain peaks and clefts, which traverse it and extend far beyond the N E boundary 
La Peyrouse A large well-defined nng plain near the hmb 

Langrenus A magnificent walled plain about 80 miles in diameter, with much-terraced walK 
nsmg to 10,000 feet above the intenor The floor of Langrenus is very bright, and contains among 
other things a large complex central mountam 

Langrenus would compare with Copernicus if it were as well placed on the disc 
Maclaunn and Wehh are two nnged plams caihng for no particular comment 
Messier and Messier A Two small nngs which have been suspected of change They vary in 
size and appearance from mght to night in each lunation Two white rays diverge fiom A 

Mare Feciindttahs The largest of the seas in the Western half, containing about 160,000 square miles 
Neper A great mountam-walled plam close to the limb Has a central peak and a number of 
ndges on the floor 

Pyrenees Mountains A fine range of mountains to the E of Goclemus, with peaks nsmg on the 
N to about 12,000 feet and on the S to over 6,000 feet 

Seech A small crater nng with wall open to the S and much worn down by erosion 
Schubert A large elhptical nng, too near the limb to be well seen 

Tarunitus A fine walled plain the rampart is low and the intenor appears to ha^e been paith 
filled up with an outflow of lava There are many partly destroyed rings in the neighbourhood 

SECTION XII 

Contains a number of interesting objects, mcluding the well known Maie Crisium 

Alhazen A nng plam on the western side of M Cnsmm 

Berosus A large elliptical nng with a central mountain 

Berzelius An inconspicuous nng plain of no importance 

Bernomlh A small nng plain with a feeble central peak 

Burckhardt A nng plain N of Cleomedes notable for the cunous ear-shaped enclosure on either 
side of it 

Cleomedes A large and interesting walled plain 80 miles m diameter, with broad and massne 
ramparts nsmg to 9,000 feet on the W It contains a fine system of delicate clefts associated with 
craterlets 

Condorcet A large nng plain about 45 miles m diameter, with a smooth floor free from detail 
Mare Crisium One of the smallest and most conspicuous of the lunar manat with well-defined 
mountain borders The surface is said by some to show a green tinge Its length is about 280 miles 
and its width 350 mileb, with an area of about 78,000 square miles On its surface are two craters— 
Picard and Pierce a number of ndges and ruined nngs, but few craterlets or clefts 

Gauss A large mountam-walled plain about 110 miles in length, and close to the limb 
Geminus A fine waUed plam 54 miles in diameter with high walls nsmg 15,000 feet above the 
intenor Contains a central peak sometimes seen as a crater 
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Macrohiiis A fine walled plain about 41 miles in diameter, with bright terraced walls 
rising from 10,000 to 13,000 feet above the interior, which contains a low compound central 
mountain 

Etmmajf A ring plain 30 miles long, with peaks on its walls rising to great heights 
Hansen A deep ring plain with terraced walls and a small central mountain 
Hahn A fine ring plain near the limb Contains a central peak 
Onam An irregular ring plain on the E side of Plutarch 
Plutarch A ring close to the limb with a central mountain and terraced walls 
Proclus A small crater ring noted as being one of the brightest spots on the Moon The flooi. 
however, ib not so bright on the walls , several bright rays emanate from this formation 
Seneca A iing of some size near the limb, but of no particular interest 
Tralles A ring outside the N E wall of Cleomedes Has three curved ridges on the intenoi 
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SECTION XIII 

The principal formation in this section is Messala, a large walled plain close to the limb, which 
makes it difficult to observe It is about 70 miles in length, with low walls On the interior are a 
number of craters, some ndges and two clefts 

Schumacher Some 35 miles in length, with a smooth floor 
Struve A small ring plain remarkable for the dark area on which it stands 
Mercunus A ring plain about 25 miles in diameter, with a smooth floor and small central 
mountain 

SECTION XIV 

The three most prominent objects are Atlas, Hercules and Endymion 

Arnold A large ringed plain with broken walls, about 52 miles in diameter The floor is smooth 
except for one small crater, as shown Arnold is tjrpical of a number of rings close to the limb and 
near the Moon’s N pole 

Atlas A noble ring plam 54 miles m diameter, with massive walls nsing on the E to 10,000 feet, 
and on the W to about 9,000 feet On the interior are found specimens of nearly every formation 
known on the Moon hills, craters, ndges, and a very fine system of delicate clefts There aie two 
dark spots which undergo regular changes dunng each lunation 

Burg A circular nng plain 28 miles in diameter and containing a large bright ccntial peak 
There is a large enclosure to the E of Burg which is crossed in two directions, N S and E W , 
with several fine clefts—the mam one is easy, the others difficult 

Cepheus 27 miles in diameter, with steep terraced walls The interior has two craterkts 
Chevalher A large nng plain with very low walls Seen best at sunrise or sunset 
De la Rue A large plain about the same size as Endymion, but with low discontinuous* walls 
At its N end are two small nngs, Strabo and Thales 

Demoentus A deep regular nng plain, about 25 miles in diameter It has a prominent ccntial 
mountain 

Endymton A fine walled plain, about 78 miles in diameter, and situated near the limb Its 
walls are much broken The dark interior contains only a few minute craters 

FranMtn A fine nng plain about 35 miles in diameter, with massive walls rising about 8,000 
feet above the interior, which is very dark and smooth 

Gartner A fine specimen of a nng plain, whose ramparts have been in part levelled b} erosion 
Grove A deep bnght nng plam 17 miles m diameter The walls nse to 7,000 feet abo\e the 
intenor, which contams an elongated central mountain 

Hercules A fit companion to Atlas About 45 miles in diameter, its massive ramparts using to 
10,000 feet above the intenor, which contams httle detail except a large crater and the remains of 
two smaller nngs to the N of it 

Mare HumholdUanum A vast waited enclosure on the limb, and never satisfactorily seen 

Mason An irregular craterlike depression 

Plana A partially ruined nng plam, similar to Mason 

Oersted A well-formed circular nng plain 27 miles m diameter 

Schuckhurgh A pear-shaped nng plain with low continuous walls 

SECTION XV 

This section is interesting, as showing the surface at the N pole Most of the objects situated 
near the hmb in that direction call for little or no comment 

Alexander A large lagoon-hke depression about 65 miles m diameter, often oveilooked 
The Alps A noble range of mountains running m a great curve from Cassini to Plato The 
peaks vary m height from 3,000 to over 8,000 feet, and here and there to greater elevation still 
Midway along the range is a massive mountain named Mont Blanc, said to nse to 14,000 feet 
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Xhis range presents a fine spectacle when seen near sunrise or sunset The mountainous country 
at the W IS traversed by a wide valley, known as the great Alpine Valley, the finest of its class on 
the Moon, about 75 miles in length and from 4 to 6 miles in width 

Archytas A conspicuous ring plain 25 miles in diameter on the margin of the M Fngoris Two 
ruined ring plains, P and L, will be found to the W 

AnstoUUs A magnificent nng plain about 60 miles in diameter, with massive ramparts faiily 
uniform in height, and nsmg about 11,000 feet above the interior A large number of ridges radiate 
from the walls to long distances 

Birmingham A large irregularly-shaped area, very similar to W C Bond, J J Cassini, and 
Barrow, none of which objects have been exhaustively observed 

Calippus A bright ring plain in the Caucasus Mountains In contact with the E wall is a fine 
mountain peak A, rising 18,000 feet, and near it a ridge B rising 13,000 feet 





860 


Splendour of the Heavens 


Casstm A ring plain 36 miles in 
diameter, with low broad walls The 
whole IS invisible at full Moon The 
intenor contams a large crater and 
several imperfect rings and craterlets 
Egede An obscuic ring plain 22 
miles in diameter, whose walls have 
been reduced to about 400 feet in 
height 

Eudoxus Smaller, but of same 
type as Anstoteles, about 45 miles in 
E diameter, with massive, lofty, and 
much-terraced walls The interior 
contains a number of isolated mountain 
masses On the small plain to the E 
are two clefts 

Fontenelle A fine nng plain on the 
margin of the M Frigons, 22 miles in 
diameter 

Goldsmidt A large enclosure 50 miles 
m diameter It is situated near to the 
N pole, and the Moon's central meridian 
passes through it at its Western end 
Kirch A small bright crater ring, almost identical in size with P Smyth 
Pico A fine example of an isolated mountain, said to nse from 7,000 to 9,000 feet above the 
plain—very bright 

Piton A similar object to Pico 30 miles to the S is another mountain mass M 
Plato One of the most interesting and best-observed objects on the Moon's surface This fine 
lagoon-like enclosure, about 60 miles in diameter, has walls rising on the average 3,000 to 5,000 feet 
above the intenor On the W wall are three high peaks which cast long, tapering shadows across 
the floor at sunrise The dark intenor contams a large number of craterlets, which have been charted, 
most of which are only visible m large telescopes There is an interesting system of bright markings 
also, which has had much attention given to it 

Tenenffe Mountains Consist of four isolated masses They are not quite so blight as Pico 
Theaetetus A well-formed nng plain S of Cassini The floor is depressed 7,000 feet below the 
surrounding crest It is uncertain if there is a central peak 

SECTION XVI 

Tlie most interesting object is the Sinus Indum, a great bay in the M Imbnum The distance 
between the two headlands. Prom Heraclides and Prom Laplace, being about 135 miles The surface 
level IS only disturbed by some ndges and a few craterlets The mountains bordering it on the N 
and E sides rise in places from 15,000 to 20,000 feet above the plain 

Condamine A nng plain, about 23 miles m diameter, with rather low walls , the interior contains 
several peaks 

Bianchini A nng plain, 25 miles in diameter, with terraced walls, rising about 8,000 feet above 
the intenor, which contains a small central mountain 

Bouguer A bnght nng plain about 15 miles in diameter with a smooth intenoi 
Harpalus A fine ring plain said to be one of the deepest on the Moon’s surface, the ciest rising 
about 16,000 feet above the intenor 

Helicon A nng plain about 15 miles in diameter and about 4,500 feet deep 
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Herschel,] Alaigein egular enclosure about 9Qmilesmdiameter, similarm t} pe to South and Babbage 
H or rebow 15 miles in diameter with bright continuous wall 

Leverner Similar in type to Helicon, and probably formed at the same time It has steep 
terraced walls on the inner side 

Louville A rhomboidal depression more than 25 miles long 
Maupertms An irregular-shaped depression with incomplete walls 

Mairan A fine ring plain with terraced walls 25 miles in diametei The rampart rises about 
15,000 feet above the interior 

Robinson A small ring plain about 15 miles m diameter, very deep and bright 
Sharp A fine regular ring plain 24 miles in diameter, with walls rising about 9,000 feet above the 
interior, which contains a central mountain 

Straight Range A very compact regular line of peaks, with a length of about 45 miles 

s SECTION XIV 
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SECTION XVII 

Contains very few objects of interest in its small area, and these are all close to the limb and 
therefore not well placed for observation 

Gerard A long elliptical regular ring plain 

Hardtng A distinct regular ring plain with no particular features 

Repsold A large irregular enclosure bound by ndges with a central crater 

Lavotster A large ring plain, elliptical through foreshortening Contains no features of interest 

SECTION XVIII 

Contains very few formations of note, the most important and interesting of which is— 
Aristarchus Probably the brightest spot on the Moon It is a deep distinct crater 29 miles in 
diameter, with walls nsing 7,000 feet above the intenor, which contains a fine central peak To the 
N IS a large plateau and near it some fine clefts 
Bnggs A fine regular ring plain 

Cardanus A fine ring plain 35 miles in diameter, elliptical through foreshortening, with walls 
about 4,000 feet above the intenor It is connected with Kraft by a long fine cleft oi valley 

Harbinger Mountains A group of isolated mountain peaks, and associated with them a number 
of ndges of about 400 feet in height 

Herodotus 24 miles in diametei, interesting from the great winding valley wnich commences 
at its N boundary and runs in a great horseshoe cuive for many miles, being easily seen in a small 
telescope 

Heryciman Mountains A range of peaks close to the limb and sometimes seen m profile 
Lichtenberg A small isolated ring plain about 10 miles in diametei 
Kraft A similar enclosure to Caidanus 

Manus A ring plain 27 miles in diameter, with walls using about 4,000 feet abo\e the interior, 
which contains some feeble detail and some white spots seen near full 
Schiaparelli A small nng plain without unusual featuies 

Seleucus A ring plain 32 miles in diameter with high terraced walls rising about 10,000 feet 
above the interior 

Otto Struve A vast enclosure ncai the limb, apparently once consisting of two parts, now joined 
together 

Ulugh Begh A distinct elliptical ring close to the limb 

Vasco de Gama A bright well-formed ring plain 51 miks in diameter with a central ridge 
Wollaston A small bright ring plain with a level flooi 

SECTION XIX 

Shows a great part of the Oceanus Proccllarum, and consequently contains fewei formations than 
usual in such a large area 

D'Alembert Mountains A chain of mountains near the E limb Can sometimes be seen in profile 
when the libration is suitable Several peaks are said to rise to about 20,000 feet, but the whole 
range has not been adequately mapped 

Cavalerius A great ring plain about 40 miles in diametei, with broken walls and peaks rising 
to 10,000 feet above the interior, winch is of the same tone as the mare, and found with difficulty 
at full Moon 

Damoiseau A curious ring plain containing a very large rmg, and having its \V wall deformed 
by another (B) All the formations hereabout show signs of erosion 

Flamsteed A small nng plain standing on the S margin of a large enclosure, whose walls have 
been reduced very much by erosion 

Galileo A small well-defined ring plain of no importance, lying N of a large obscure enclosure P 
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Gnmaldi A vast niountain-walled enclosure about 150 miles in diameter, and foreshortened into 
an ellipse 1 he w alls ai e very discontinuous, and nse on the average to about 4,000 feet The interior 
IS probably the daikest spot on the Moon 

Hevel A gu'at inountam-walled plain about 71 miles m diameter, with steep contmuous w alk 
The interior conhuns some hue clefts and a central mountain 

Kepler A ring plain about 20 miles m diameter with walls of irregular height It is one of the 
brightest objects on the Moon, and is the centre of a system of bright rays 

Hansteen A line ring idam similar m size to Billy, with irregular walls rising to about 3,700 
feet Contains a daik sjiot subject to variability A large mountain mass is seen to the W 

Letronne A vast obscure ring plain whose Northern ramparts have been almost entirelv 
obliterated by eiosion 

Lohrmann A hne distinct ring plain, with several clefts on the plain outside and close to itsW wall 


SECTION XV 
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Olbers Similar in size to Cavalenus It is the centre of a system of bright lays, as conspicuous 
as those associated with Kepler 

Reiner A ring plain of normal type about 21 miles m diameter, with blight continuous walls 
terraced on the inner side, with peaks rising to 10,000 feet above the interior, which is darkei than the 
surrounding surface , contains a double central peak 

Wichmann A small crater nng standing on the western arm of a large obscure enclobuic, once 
a complete rmg 

SECTION XX 

Shows a portion of the S E Section and is crowded with many objects of interest 

Billy A fine nng plain 31 miles in diameter, remarkable for its dark intenor, which appeals free 
from irregulanties of any kind 

Byrgius A large irregular-shaped ring plain with a crater A on its W wall, which unde is it more 
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Cavendtsh A complex ring plain 
about 32 miles m diameter Its 
W wall IS disturbed by several crater¬ 
like depressions 

Cruger 30 miles in diameter 
Remarkable for the darkness of its 
interior under all angles of illumination 
Eichstadt About 30 miles in 
diameter, with a level floor free from 
detail 

Foune} Another ring plain about 
30 miles in diameter, with terraced walls ^ 
rising to about 6,000 feet above the 
interior 

Fontana A ring plain with low 
regular walls Contains a central peak 
Gassendi One of the finest and 
most interesting of all the walled plains 
It IS 55 miles in diameter The walls 
on the S have been reduced to mere 
banks The interior contains a large 
variety of interesting objects, consisting 
of a complex central mountain, many 
-craterlets and a number of clefts, all of which have received much attention fiom selcnographers 
Lagrange A large irregular walled plain with little or no detail on its smooth interior 
Mersemus A fine ring plain 45 miles in diameter with broad terraced walls The interior has 
-a chain of craterlets running N and S Outside to the W and S are a number of interesting clefts, 
most of which arc not difficult to see 

Piazzi A large enclosure similar to Lagrange 

Rocca An elliptical ring plain close to the limb, and therefore difficult to observe 
Sirsahs A fine ring plain 20 miles in diameter with high regular walls The interior contains 
a central peak Just outside the W wall is a fine cleft, one of the longest on the Moon’s surface 
De Vico A small distinct crater ring 

Zupus A small ring plain about 12 miles in diameter with low walls 
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Bouvard A large elliptical ring close to the Moon's edge, consequently not well placed for 
observation 

Inghanmi A large conspicuous walled plain about 60 miles in diameter, with steep high walls, 
rising m one place to 12,000 feet The interior contains several large craters 

La Croix A distinct ring plain with steep continuous walls Has a large crater ring on the 
Ulterior 

Lehmann A large ring plain with broken walls on the S , where there are two passes The floor 
IS said to be traversed by a longitudinal ridge 

Rook Mountains A range near the limb, often seen m profile, some of the peaks rising to about 
25,000 feet 


SECTION XXII 


Bailly A vast enclosure close to the S E limb, about 160 miles m length, comparable to one of 
the smaller seas Its walls are irregular in height and broken in places The interior contains a 
mumber of craters, one (B) being of large size 
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Bayer A ring plain on the W side of Schiller, with walls rising about 8,000 feet above the interior 
BeUmus A fine ring plain with massive lofty walls rising 12,000 to 13,000 feet above the intenor, 
which contains a fine central moimtain, said to have two peaks 

Doerfel Mountains A magnificent range lymg almost whoUy beyond the S E limb, and only to 
be well seen under favourable hbration Some of the peaks are said to nse to 26,000 feet 
Drebbel 18 miles in diameter, with a floor devoid of detail 
Hansen A fine deep nng plain on the limb m front of the Doerfel Mountains 
Hainzel A large, most irregular enclosure, consisting of two large nngs which have coalesced,, 
with steep and lofty walls The mtenor is very rough 

Heinsius A large irregular enclosure whose original circular boundary has been deformed by two- 
large craters, C and B 

Kircher and Wilson Compose, with Bettinus, a row of three fine waUed plains 
LegenUl A large enclosure on the limb, difficult to identify 


SECTION XVIII 
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Longoniontanns A large mountam-walled plain about 90 miles in diameter, with irregular walls, 
one peak on the E rising to 13,000 feet The interior contains a multiple central peak There is a 
large group of craters on the floor near the N E wall 

Phocyhdes A large irregular-walled plain The interior is quite smooth At the Northern end 
of the ring is another smaller enclosure (B), separated from Phocyhdes by a chain of craters 

Schezner A very fine circular walled plain about 70 miles in diameter, with lofty walls There 
are several ridges and craters on the interior 

Schiller An elliptical walled plain said to be 112 miles in length, with a breadth of about 60 miles 
The floor is very free from detail 

Segner A very large irregular enclosure S W of Schiller, with very broken walls, rising only to 
4,000 or 5,000 feet above the interior, which contains a large number of craterlets 

Schzckard A very fine large walled plain about 134 miles in length, with low walls rising on the 
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average to about 4,000 feet above the interior, which contains many objects of interest not yet properly 
mapped There is a large dark area, occupying nearly the whole of the Northern half of the floor 
Under the S W wall is a triangular patch of shade with a very sharp boundary, probably marking the 
site of a delicate cleft 

Wargenhn One of the most remarkable nng plains, as its interior appears to have been filled up 
almost to the height of the crest by lava m byegone times 

Zuchius A ring plain with high massive walls nsing in places to 10,000 feet above the interior, 
which contains a large central elevation and a crater nng 

SECTION XXIII 

This Section, which embraces a large distnct, including the S Pole, is so very crowded with nngs 
of all sizes and shapes that it is only possible to refer briefly to the principal formations 


SECTION XX 
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Blancanus A large walled plain s SECTION XXI 

With an interior depressed about 12,000 

feet below its massive rampart, about j r"- . . .. ■ -— .i i 

70 miles in diameter The floor is level, ^ 

with little detail ^ 

Casatus A large symmetrical ring ^ N. | 

plain about 45 miles m diameter It 
IS said to have on its massive wall three v 

of the highest peaks in the third ^ 

quadrant, the highest of which rises to * 

about 22,000 feet above the interior ' 

The crater (C) on the floor is il miles in ^ ^ 

diameter ^ ^ ' 

Clavtus The largest depressed ^ 
mountain-ringed enclosure on the Moon’s ^ 

surface, about 150 miles in diameter, with \ ^ 

massive walls, using to an average of 
12,000 feet above the interior Presents 
a very fine spectacle at sunrise or near 

sunset On the floor are many craters *^ \\W 

and crater rings of which A and B are .l.,k„*iA(e^. . .J 

about 30 miles in diameter ___ 

Clmraut A laigc ring plain whose ^ 

walls have been much deformed by the intrusion of two large rings on the S side 

Cuvier Neaily 50 miles in diameter, with high terraced walls rising in places to nearly 12,000 feet 
above the interior The floor is devoid of notable detail 

Curtius A magnificent walled enclosure about 50 miles m diameter The floor is bare of detail 
except for a crater at the centre 

Deluc A ring plain about 25 miles in diameter, to the S of Magmus 
Faraday A large ring plain whose walls have intruded on the interior of Stofler 
Fernelius Occupying a similar position to Faraday, but on the opposite side of Stofler 
Jacobi A large ring plain with regular walls The interior contains a central group of craters 
Klaproth A great irregular walled plain 65 miles in diameter Its Southern wall has been 
destroyed by the intrusion of the N wall of C asatus The interior is very level 

Licetus A large irregular walled enclosure much resembling Cuvier Two other formations 
are associated with Licetus, marked B and C There is a high mountain ridge in B, with craters on 
either side of it—a very fine object under a low sun 

Leibnitz Mountains A great range on the limb and extending on each side of the S pole They 
present a remarkable sight when seen in profile, and some of the peaks are said to be the highest 
found on the Moon 


Lilius A large ringed plain with high walls rising from 7,000 to 10,000 feet above the interior, 
which only contains a compound central mountain 

Magmus A magnificent mountain-walled plain, comparable with Clavius, having a diameter, 
of about 120 miles The interior contains several large crater rings, some ridges, and a number of 
craterlets, with also a compound central mountain 

Moretus A large well-defined mount am-walled plain 75 miles in diameter, with massive ramparts 
rising 9,000 feet above the interior, which contains a fine compound central mountain rising about 
7,000 feet Beer and Madler think this the highest central peak on the Moon 

Manzmus A fine walled plain about 60 miles in diameter The walls rise in places to 14,000 feet 
above the smooth interior It is said to possess a feeble central peak 
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Maurolycus One of the finest walled plams on the Moon, about 72 miles in diameter, though some 
authorities make this much greater The massive rampart rises to 14,000 feet on the W and to 18,000 
feet on the E above the mtenor, which contams a complex central peak and other objects of interest 
Miller 35 rmlpn m diameter, with terraced walls rising 10,000 feet above the mtenor 
Nasireddm 30 miles in diameter, with high terraced walls nsing some 9,000 feet 
Newton An immense oblong enclosure about 140 miles m length—is the deepest formation of 
Its flggq on the Moon One peak on the E is said to nse no less than 24,000 feet above the mtenor, 
which is quite level On account of its situation and great depth, neither the Earth nor Sun are ever 

visible from some parts of its mtenor .i ■, x j 

Oronhm A large irregular walled plain whose onginal ramparts have been greatly deformed 

The mtenor contains some large rumed nngs, E and F m particular 

PentUnd A fine deep nng plain 60 miles in diameter, with broad, high-terraced walls Has a 

double-peaked central mountain 
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Sassendes A large irregular enclosure Its floor is crossed by many parallel ridges and crater 
chains, which seem to have originated by explosive forces in Tycho 

Saussure About 30 miles in diameter with high terraced walls The interior shows a curved 
line of craters 

Schomberger A long irregular walled plain with a rugged high rampart 
StmpeUus Very similar to Schomberger 

Tycho Well described as the metropolitan crater of the Moon, 55 miles in diameter with massive 
terraced walls rising to about 12,000 feet On the interior is a fine central mountain consisting of 
several peaks Tycho is the centre of the finest system of bright rays on the Moon These radiate 
from it as a focus and extend for great distances 

Zach A massive mountain-walled plain with ramparts very much distorted from the circular 
form in places 
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SECTION XXIV 

Here we cL^clih li 3 -ve 3 . V 3 sl concourse of ringed, formntions of nil sizes nnd slinpes, nnd only the 
principal objects can be described briefly on account of lack of space 

Bacon 40 miles in diameter, with massive walls nsing in one place to 14,000 feet above the 
interior, which is level and devoid of notable detail 

Barocius 51 miles in diameter, with massive walls rising to 12,000 feet above the interior, which 
contains fragments of ruined nngs 

Biela A fine ring plain about 45 miles in diameter Contains a central hill and a crater 
Boguslawsky A large walled plain near the limb The floor is free from notable detail 
Boussingault A large mountain-walled plain about 80 miles in diameter, close to the limb It is 

remarkable from the fact that its rampart is double, one nng within another 

Buck 30 miles in diameter with moderately high walls The floor is free from detail 
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Fabnctus A fine deep ring plain 
50 miles in diameter, with walls rugged 
and much terraced There is a break or 
pass in the N wall 

Hommel A large irregular enclosure 
about 80 miles m length Its ramparts 
are broken by several large crater rings 
Jannsen A large hexagonal 
enclosure about 120 miles at its greatest 
width The interior contains a large 
amount of interesting detail, including 
curved clefts of considerable length and 
width 

Mutus A fine ring plain 46 miles 
in diameter, with regular walls rising 
12,000 feet above the interior 

Nearch 40 miles m diameter with 
continuous walls 

MeUus 50 miles in diameter, with 
lofty walls and a level floor containing a 
few low ridges 

Ptkscus A fine ring plain 52 miles 

in diameter with continuous walls rising n 

to 10,000 feet above the floor on the W There is a mountain and a crater at the centre 

Pontecoulant A large mountain-wallcd plain more than 50 miles in diameter Close to the limb 
Rtccitis A large irregular enclosure 40 miles m diameter 

Rosenberger A large ring plain abutting on Vlacq and about the same size, but with lower walls, 
and the interior of a darker tint 

Steinheil A striking formation consisting of two large ring plains with overlapping walls 
Vlacq A fine deep regular ring plain 55 miles in diameter, with lofty walls The interior contains 
a fine central mountain 
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SECTION XXV 

Fraunhofer A regular ring plain 30 miles m diametei The walls rise about 5,000 feet above the 
interior, which possesses no notable detail 

Furnerius A fine walled plain with complex ramparts rising to nearly 11,000 feet The interior 
contains many objects of interest, including ridges, clefts and craterlets 
Martnu^ A ring plain close to the limb with a small central peak 
Oken A large ring plain close to the limb with low and broken walls 
Vega A large ring plain notable for the destruction of its W wall by a chain of large craters 
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PART II 

CHARTS OF THE CONSTELLATIONS 

The general forms and relative positions of the various star-groups, as they appear m the sky, 
are best learnt by reference to the monthly maps These latter are sufficiently accurate for the 
bare purpose of identification, for which they are designed, but for a more exact repre¬ 
sentation of each constellation the reader should refer to the small-scale key-maps on pages 
876 to 881 On these maps the co-ordinates of Right Ascension and Declination are roughly indi¬ 
cated, while the days of the month marked in the margin show what stars are on the meridian at about 
9 o clock in the evening of the date named Since, as explained in Chapter XIX, any given star comes 
to the meridian four minutes earlier each night (by Mean time), it is a simple matter to find what 
constellations aie due south at any other hour of the night by adding 15 days to the date for each hour 
after 9 p m or subtracting a similar amount for each hour before that time Thus, for example, 
a constellation that is shown by the key-map to be on the meridian at 9 p m on September 20 will 
have passed westwards by 10pm and be replaced by the stars opposite the date October 5 At 
8 p m on the same night the meridian will be occupied by constellations corresponding to the date 
September 5, and so on 

The thirty-six large-scale chaits which follow the key-maps are not intended primarily as a guide 
to the recognition of the constellations, but rather for the use of the observing amateur who possesses 
a telescope of small or moderate size Originally executed by the late Mr Arthur Cottam, F R A S , 
and published by him in 1891, they were designed for use in conjunction with the Rev T W Webb’s 
Celestial Objects for Common Telescopes, showing the positions of all the objects mentioned in 
the fourth edition of that work, and many more besides The charts have been chosen for inclusion 
in the present work as being in many lespccts the most complete and accurate of their kind, and as 
having been proved by experience to be admirably suited to the purposes for which they were 
designed They have, however, the defect of stopping short at 40° South Declination, thus leaving 
uncharted a circle of 50° radius with its centre at the South Celestial Pole This is of no moment to 
those living m high and mid-latitudes of the Northern Hemisphere, but observers farther south than 
about 40° north latitude will find it necessary to supplement these charts by the purchase of an atlas 
that covers the entire sky That of Norton may be specially recommended, as having been designed 
for the same purposes as the charts now before us 

The order adopted in the arrangement of these is part of a definite scheme, devised by their 
author, whereby the constellations are gradually linked up with one another from the common starting 
point of the north polar regions, which are shown on Chart No 1 The numbers enclosed in small 
circles outside the holders of each chart give a clue to the method adopted in this linking-up, as they 
represent the numbeis of the particular maps which cover the region of the sky immediately adjoining 
the chart on the side indicated This arrangement was intended as a further help towards learning 
the relative positions of the various star-groups, and has here been retained to avoid confusion 
However, in the case of charts of this sort, designed for use with the telescope, it is more usual to 
arrange them either in order of Right Ascension, or m alphabetical order, to facilitate the rapid finding 
of objects from published lists and catalogues The former arrangement is adopted in the lists of 
objects which follow, but, for the benefit of those who wish to use the maps in conjunction with 
Webb’s Celestial Objects, where the constellations are taken in alphabetical order, the subjoined 
list, so arranged, gives the necessary reference to the chart required m each case 

List of Constellations 


Chart No 


Chart No 


Chart No 

Andromeda 

10 

Aries 

13 

Camelopardus 

3 

Aquarius 

36 

Auriga 

14 

Cancer 

17 

Aquila and Antinous 

33 

Bootes 

20 

Canes Venatici 

9 
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List of Constellations 



Chart No 



Chart No 


Chart No 

Cams Major 

28 

Gemini 


16 

Puppis 

28 

Cams Minor 

25 

Hercules 


21 

Pyxis 

28 and 30 

Capneornus 

36 

Hydra 


30 and 31 

Sagitta 

23 

Cassiopeia 

4 

Lacerta 


6 

Sagittarius 

35 

Cepheus 

2 

Leo 


19 

Scorpio 

34 

Cetus 

27 

Leo Minor 


18 

Scutum Sobicskii 

32 

Columba 

26 and 28 

Lepus 


28 

Serpens 

32 

Coma Berenices 

9 

Libra 


34 

Sextans 

30 

Corona Borealis 

20 

Lynx 


7 

Taurus 

15 

Corvus 

31 

Lyra 

. 

21 

Taurus Poniatowskii 

32 

Crater 

31 

Monoceros 


25 

Triangulum 

13 

Cygnus 

22 

Ophiuchus 


32 

Ursa Major 

8 

Delphinus 

23 

Orion 


24 

Ursa Minor 

1 

Draco 

1 

Pegasus 


11 

Virgo 

29 

Equuleus 

11 

Perseus 


5 

Vulpecula et Anser 

23 

Eridanus 

26 

Pisces 


12 




As already indicated, the charts are intended to assist the amateur observer m finding or identifying 
objects that may be studied to more or less advantage with telescopes of moderate size The 
beginner, who has recently purchased a telescope, and who wishes to exploie with it the show'' 
objects of the heavens, should first consult the key-maps m order to find out what constellations are 
on or near the meridian at the date and time when the obseivations are contemplated Reference to 
the list just given will then enable him at once to turn up the chart covering the particular constel¬ 
lation in which explorations are to be made Then, noting roughly the limits of Right Ascension 
included in the chart, he will know whereabouts in the list he should look for the description and exact 
position of the objects most worthy of his attention Of these it is only possible to give here a few of 
the more striking and conspicuous, and even so some of them (especially certain nebulae) may be 
found disappointing as seen through small instruments, and must not be expected to appear as in 
the photographs illustrating Chapter XIV As explained in Chaptei XX, clusters and nebulae arc, 
m general, best observed with fairly low powers, and nights should be chosen on which thcie is little 
or no moonlight To insure the most satisfactory views, the eye should be allowed to lest in 
comparative darkness tor several minutes before observations are commenced In the case of very 
faint stars and nebuLe it will be found possible to make them appear somewhat more conspicuous 
by the use of what is known as “ averted vision This consists in directing the gaze, but not the 
attention, to a part of the field somewhat removed from (preferably just above) the object that is 
being observed The image of the latter will now fall on a more sensitive poition of the retina of the 
eye, and the object will in consequence appear brighter than when seen direct 

For each clustei or nebula in the list here given the N G C number is placed first But, as the 
construction of the charts was begun before the appearance of the New Geneial Catalogue of Dreyer, 
the same objects appear upon them under different synonyms Therefore, to assist in identification, 
such synonyms are inserted in brackets after the N G C number The significance of each is 
explained in the following list — 


Key to Lettering of Charts 


Stars 


Greek letters — 

Bayer's designations, applied to the brighter stars of a constellation , not necessarily in order 
of brightness or Right Ascension 
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Ilumbers alone — 

(a) Sloping figures— Flamsteed’s Catalogue 

(5) Upnght figures—F G W Struve’s Dorpat Catalogue of double and multiple stars 
(c) Upright figures underlined—S W Burnham’s Catalogues of double stars 

Letters following numbers — ,, , , , . 

OS or OS®_Otto Struve’s Revised Pulkowa Catalogues of double and multiple stars 

h—Sa: John Herschel’s double stars 
Bns —Bnsbane’s Catalogue of southern stars 
Lac —LacaiUe’s Catalogue of southern stars 
P A C —^Bntish Assoaation Catalogue 

B and B Add —^Birmingham’s Catalogue of red stars, and addenda thereto 
P , followed by Roman numeral—Piazzi’s Palermo Catalogue, with hour of R A for 1800 
LL—Lalande’s Catalogue 
S—Sir James South’s Catalogue 
C—Chandler’s Catalogue of variable stars 
Capitals without numbers—^Variable stars 


These 

I 

classes are as under — 
Bright nebulae 

V 

II 

Faint nebulae 

VI 

III 

Very faint nebul<e 

VII 

IV 

“ Planetary nebulae 

VIII 


I 

i I 


Clusters and Nebulce ^ 

A number only—^Messier’s Catalogue of 103 bnght nebulae and clusters 

A number with a small number above it—Sir William Herschel’s number, and the clashes into 
which he divided these objects 

Very large nebulae 

Very compressed and rich clusttrs of stars 
Compressed clusters of large and small stfirs 
Loose or scattered clusters of stai s ^ 

Letters following numbers — 

H —Sir John Herschel’s General Catalogue, 1864 S—F G W Strm e 

Dun -Dunlop’s Catalogue of southern nebulae Arg —^Argelander 1 - 

The beginner should early make himself famihar with the simple process ,of finding objects onj 
the charts from a knowledge of their co-ordinates of Right Ascension and Declination, renicmberingi 
that the procedure to be followed is precisely the same as that used for locating places on terrestrial 
maps Right Ascension on the charts (corresponding to longitude on the Earth) is reckoned from west 
to east along the equator of the Heavens from the “fust point of Anes It is generally gi\en in hours, 
minutes and seconds of sidereal time, and so marked at the margins of all modern maps Occasionally, 
however, especially in telegrams announcing the discovery of comets and novae, the old practice is 
followed of giving it in degrees, minutes and seconds of arc, referred to the equator as a gieat circle 
In such cases it is only necessary to divide by 15 to amve at the more common notation Thus, 
for instance, R A 166° 17' 45" becomes llh 5m 11s Declination (corresponding to terrestrial 
latitude) is reckoned m degrees, minutes and seconds of arc along the meridians of Right Ascension 
in both directions from the equator North Declination is often indicated by the sign -f, and South 
Declination by the sign — The Dechnation of the equator being zero, it follows that 90° marks 
the North, and — 90° the South, Celestial Pole In certain catalogues, and in telegraphic announce¬ 
ments of comets, &c , all possibihty of confusing -f with - (or N with S) is avoided bv leckonmg 
from the North Celestial Pole instead of from the equator The resulting figures, from 0° to 180°, 
represent what is termed " North Polar Distance,’’ or N P D Thus the N P D of a point on the 
equator is 90°, and N P D 120° is the same as South Dechnation 30°, or Declination — 30° 

With a httle care the position of a new or moving body that is invisible to the naked eye (such 
as Neptune, a comet or a mmor planet) can be plotted from its co-ordinates with sufficient accuracy to 
enable it to be picked up readily with a low power, after noting the position it occupies with regard to 
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neighbouring stars on the chart, as seen with the naked eye or with the finder But, unless the object 
to be observed is conspicuous or of distinctive appearance, it will be necessary to take particular 
care in plotting its position, and also to make due allowance for the effects of precession As already 
explained elsewhere, the continual slow change in the direction of the Earth's axis of rotation has the 
effect of altering the apparent Right Ascensions and Declinations of the stars by a small amount 
each year, though it does not affect their relative positions on the star-sphere Consequently the 
co-ordinates marked on a star-chart are only strictly correct for one particular date, known as the 
Epoch of the map Now, the Epoch of Mr Cottam's charts is 1890, so that they are gradually becoming 
less and less strictly accurate as time goes on However, the change is very slow and will not 
become serious for many years yet In fact, it may be neglected for all ordinary purposes of 
the amateur observer But for the sake of those who may desire at any time to plot the position of 
an object with considerable exactness, tables are here given of the necessary corrections to be applied 
to positions referred to epochs subsequent to that of 1890 in order that they may conform to the 
co-ordinates marked on the chart The figures represent the amounts to be added or subtracted for 
every ten years’ difference of epoch Only one value is given for each hour of Right Ascension and 
each 10° of Declination, but, if desired, the corrections for intermediate positions can easily be 
estimated from the figures given 

Corrections for Precession in R \ in Ten ye\rs 


(For reduction to an earlier Epoch ) 
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Corrections for Precession in Declination in Ten ye-vrs 
(For reduction to an earlier Epoch ) 
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As an example of the use of these tables, let us imagine that a comet is discovered on 1925, April 6, 
the position for 1925 0 being announced as R A 16fc Ow Decl + 30“ In order to plot this position 
correctly among the stars on our charts we proceed as follows From the first table the 10-yearly 
precession correction in R A for a body in this position is found to be — 0 40w Now three and a half 
10-year intervals have elapsed smee 1890, so that the correction required is 0 40 jw X 3 5, or 
— 1 40m As the sign is negative we subtract this from \&h Om , obtaimng \Sh 58 6m The Declina¬ 
tion has now to be corrected From the second table we find this correction to be -h 1' 7 for each 
10 years Multiplying by 3 5 as before we get -f 6' 96, or, say, -h 6' 0 As the sign is positive we add 
this to -1- 30“ To mark the position of the comet on the chart we now adopt the corrected values 
15A 68 6m -f 30“ 6' It will be noted that the difference between these and the original figures 
corresponds to only a very small interval on the scale of our charts, and the comet, if at all bright, 
could probably have been found easily enough without taking it into account 

It IS, perhaps, hardly necessary to point out that the tables just given will serve equally well in the 
case of positions given for epochs pyioY to 1890 AH that is necessary is to reverse the signs Thus, 
in the example imagined above, if the epoch had been 1865 instead of 1925, the corrections would have 
been -t- 140m and — 6' 0 respectively 

The positions given against the nebulae and clusters in the foUowing list are for the epoch 1920 0, 
but, as the objects are aH clearly marked on the charts, no correction need in practice be applied to 
the figures in order to find them, the difference between the positions at the two epochs being never 
more than a few hundredths of an inch on the paper 
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In the accompanying 
chart are shown the con¬ 
ventional divisions of the 
field of view of an astro* 
nomical (z c , inveiting) 
telescope, equatorlally 
mounted The arrows 
indicate the direction of 
a star's apparent motion 
through the field, caused 
(g^-iby the rotation of the 
Earth The four quad¬ 
rants arc named in re¬ 
lation to an object siq> 
posed to be in the centre 
of the field The same 
relations hold for an al¬ 
tazimuth mounting, if 
careful note is taken of 
the direction of the star's 
apparent motion, but the N—S Ime will only be vertical to the altitude axis when the telescope is 
pomting towards the meridian , whereas, in an equatorial, it remains constantly at right angles to 
the Dechnation axis 
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CLUSTERS AND NEBULAE 
[Those more particularly striking are marked thus *f ] 

iV G C 206 (105h), (18®), Andromeda^, Oh 36 Om + 41° 14' 

Faint elliptical nebula with diffuse edges and little central condensation Even on the 
best photographs it appears almost structureless, and is chiefly of interest on account of its 
proximity to the great Andromeda Nebula As it is situated only three-quarters of a dcgiee 
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north preceding the latter it may even be included in the same field of view with a very 
low power See page 55 

NGC 221 (32), (117h), Andromedae, Oh 38 4:m + 40° 26' 

Small round nebula markedly condensed in bnghtness towards its centre, in contrast with the 
last object descnbed It has much the same appearance as a globular cluster as seen in a telescope 
too small to resolve it into its component stars However, it is probably truly nebular in character 
as very large instruments still fail to resolve it It lies about 25 minutes of arc due south of the centre 
of the Great Nebula in Andromeda, and can therefore be seen in the same field of view with a low 
power See page 55 

G C 224 (31), (116h), Andromedae, Oh 38 4w + 40° 50' 

The Great ” Nebula in Andromeda Clearly visible to the naked eye on transparent moonless 
nights Owing to its great size and lack of defimtion the best general view is to be obtained with a 
very low power, or with the finder It is then seen to be elliptical m outline and bnghter towards the 
centre, but otherwise structureless, at any rate in small glasses A high power, used on a fairly large 
telescope of not less than six inches aperture, will show a minute, almost stellar, nucleus , and, if the 
night IS very clear and dark, may show one or more of the dark parallel strips along the sides, which 
mark the spaces between the arms of the spiral photographs on pages 55 and 561) The true 
structure of the nebula cannot be made out visually, and was not revealed until the object was first 
successfully photographed by the late Dr Isaac Roberts The length of the entire nebula is over 
2°, but of this ordinary telescopes only show about 40' at all clearly The nucleus has been suspected 
of variability, and might therefore repay a close study with high powers 

NGC 598 (33), (352h), (I?®), Trtanguh, Ih 29 3m + 30° 15' 

Very large faint nebula, best seen in the finder or with a very low power, and even then requiiing 
a very dark clear night if its outer portions are to be seen The central portions, which are the brightest, 
are easily made out, appearing as a round, ill-defined patch, slightly condensed in the middle. 
The nebula is actually a very fine example of a condensed spiral, whose arms, having lost their 
smooth curvature, are breaking up into myriads of small star-like fragments (See photograph 
on page 579) 

^NGC 869 and 884 (512 and 521h), (33® and 34®), Perset, 2h 15 Im -h 56° 47' 

Visible to the naked eye, a small misty patch in the path of the Milky Way Even a small 
telescope resolves 1:his patch into two magnificent clusters of the loose or scattered type, of which they 
are among the finest examples in the Northern Hemisphere A small finder gives quite a charming 
view of them, both being seen sirhultaneously, but they are best seen individually by employing a 
power that will just include one of them in the field at a time There are at least five reddish stars 
in or between the two masses, and these are best seen with a reflector of fair aperture, say 8 to 10 inches 
The photographs on pages 530 and 713 give some idea of the general appearance of the clusters as seen 
respectively m large and small telescopes 

NGC 1039 (34), (584h), Perset, 2h 36 9w + 42° 26' 

Large loose cluster of bright stars, best seen with a low power It contains a pretty double star, 
of separation about 1" 5, but the comparative faintness of the components makes it rather a difficult 
object in very small telescopes The whole cluster is just visible to the naked eye on a dark night 
, NGC 1068 (77), (600h), Celt, 2h 38 Om -- 0° 21' 

Faint round nebula with strong central condensation Easily found from its proximity to 8 Ceti, 
which lies one degree to the west ('' right" in the sky) and a little north of it A ninth magnitude 
star will be seen close to the nebula in the telescope As seen in large telescopes, and on photographs, 
the nebula is spiral in structure, and is remarkable as regards the character of its spectrum and its 
enormous velocity It is illustrated on page 567 

f The Pleiades Position oj central star (Alcyone) 3A 4:21m + 23° 52' 

The finest open star-cluster in the Heavens Six or seven of the brighter stars are distinguishable 
with the unaided eye, and more have been seen by persons of acute vision The whole group is best 
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seen with the finder or with binoculars, being too large to be included in one field with ordinary 
powers of the telescope On a dark night traces of the nebulosity surrounding the chief stars Isee 
pages 66 and 637) can be caught by averted vision in very small telescopes, but with large instruments 
it IS not so obvious, except for a faint patch a few minutes of arc to the south of Merope All the 
bright stars are of a very pure white colour, but near the centre of the group is a wide double whose 
components are seen in a large telescope (preferably a reflector) to be of an orange and pale green 
tint respectively Alcyone, the brightest star in the cluster, has three companions, arranged in a 
triangle A general view of the whole group, as it appears in a finder or in binoculars, will be 
found on page 712 

NGC 1912 (38), (119h), Aungae, 5h 23 Zm + 35° 46' 

Fine loose cluster, whose component stars are arranged somewhat in the shape of a cross Typical 
of|the many open clusters to be found in this and other parts of the Milky Way Such clusters are 
best seen with low powers 
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NGC 1952 (1), (1167h), Taun, 

5h 29 Im + 21° 68' 

In small telescopes a dim oval mass 
of nebulosity, without condensation, 
about five minutes of arc in longest 
diameter, ]ust visible m a good finder 
With large apertures appears better 
defined and of somewhat irregular 
outline, rather the shape of a diamond 
on a playing-card The delicate 
filaments extending outwards from its 
margin, discovered by the Earl of Rosse 
and shown on the latest photographs, 
are quite beyond the reach of small 
instruments The nebula is readily 
picked up from its proximity to ^ Taun 
A fine picture of it appears on page 658 
NGC 1960 (36), (1166h), Aungae, 

6h 31 Om + 34° 6' 

Loose cluster of stars of many 
degrees of brightness Best picked up 

by sweeping m Eight Ascension two 2099 (37), Amigae 

degrees east of Aungae 

tN G C 1976 (42), (IITOh), Onoms, 6h 31 3w - 5° 26' 

The Great Nebula in Orion The only nebula, except that in Andromeda, that is clearly visible 
to the naked eye It surrounds and mvolves a small group of stars near the centre of the sword," 
and is thus very easily found The entire nebula, with its faint outlying connections, covers a con¬ 
siderable area, but only the brighter central portions are well seen in small instruments As seen with 
a low power, and preferably with averted vision, the nebula appears roughly fan-shaped, fading as it 
spreads out from the bnght '^Huyghenian" region, which is the name given to the central parts This 
region, which is best seen with a fairly high power, is much better defined than the rest of the nebula, 
and exhibits a patchy or mottled structure in apertures over about 3 inches In it is involved 

the multiple star 0, four of whose components are 



readily seen in very small glasses, and two more under 
very good conditions with apertures of 5 inches and 
over Following 0 is a striking dark wedge, apparently 
driven into the bright substance of the nebula, but 
believed by many to represent obscuring matter It is 
best seen in large instruments, which bring out the 
contrast between it and the bright nebulosity in a very 
striking way It is often referred to as the “ Fish- 
mouth " A very good idea of the visual appearance of 
the nebula (which is of a delicate emerald green colour) 
is given by the illustration on page 563 On photographs 
the portions seen by the eye at the telescope are 
generally almost unrecognisable through over-exposure 
NGC 2022 (1226h), (34^), Ononis, 6h 37 7m + 9^2' 
Small planetary nebula, bluish in colour Slightly 
elliptical, with long axis Sp —N/ With large irstru- 


ments it is seen to be somewhat less bright in the 


NGC 2168 (36), Gemmonun 
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centre It is thus to be classed as an annular, or rmg-nebula, but is smaller, fainter and more filled-m 
than the well-known Lyra nebula (See later ) Seen with the finder or with a very low power it 
appears nearly stellar, owing to its small size, and may be missed in a casual sweep 
NGC 2088 (78), (1267h), Onoms, 5h 42 6w + 0° 2' 

Small gaseous nebula, bright and fairly well defined along its northern edge but fading diffusely 
towards the south Contains a wide double star, whose components are of the ninth or tenth magnitude^ 
The nebula is easily found by sweeping eastwards from 8, the most westerly star of the belt, 
with a low power 

NGC 2099 (37), (1295h), Aungae, 5h 47 Im -f 32°32' 

A typical Galactic cluster of the open type The individual stars are somewhat faint, but readily 
distinguishable even in the smallest instruments Near the centre is a ruddy star of about the ninth 
magnitude Clusters of this sort repay the use of averted vision, which brings their fainter 
components into view and thus adds to their apparent richness 

]N GC 2168 (35), (1360h), Geminorum, 6h 3 Qm + 24° 21' 

Fine open cluster containing stars of many degrees of brightness, the larger ones being easily seen 
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in small glasses It lies very near the position at present occupied by the Sun at the Summer 
Solstice Visible as a misty patch in the finder 

NGC 2244 (1424h), (2’), Monocerotis, 284m + 4°55' 

Loose elongated cluster of a few bnght stars, one of which is Flamsteed 12, of the sixth magnitude 
The whole group ]ust visible to the naked eye It is well seen just above the centre of the photograph 
on page 539, where it is shown to be partly involved m the great diffuse nebula NGC 2237 No 
trace of this nebulosity is visible in small instruments, and even large ones only give a faint and 
indefinite indication of it 

NGC 2287 (41), (1454h), Cams Majons, eh 43 6m - 20° 40' 

Fme open star cluster, visible as a misty spot to the naked eye on dark nights It lies about 4° 
south of Sinus, and is thus rather low for satisfactory observation in latitudes north of + 45° The 
component stars are readily seen in a small telescope, and one of them, near the centre, is ruddy m 
colour, as in N G C 2099 supra 

NGC 2392 (1532h), (45^), Gemtnorum, Ih 244m + 21° 5' 

Small, bright, shghtly elhptical planetary nebula, with its longer axis lying N—S It has a bright 
stellar nucleus of about the eighth or ninth magnitude near its centre, the whole nebula, as seen in 
ordinary telescopes, being about twenty-five seconds of arc in diameter Large apertures show traces 
of a dark rmg closely surrounding the nucleus, and more marked on the following, or eastern side 
With low powers, or on mghts of poor transparency, little more than the nucleus is seen, and the 
latter has actually been recorded in catalogues as a star, its true nature being masked by the illumina¬ 
tion of the field of the transit instrument used for the purpose A photograph of the nebula, showing 
its bnght central portions and the dark ring, appears on page 473 

NGC 2437 (46), (1564h), Arg4s, 7h 38 Im - 14° 38' 

Fme, roughly circular cluster of rather faint stars, about half a degree in diameter Ncai its 
northern edge is N G C 2438, a small planetary nebula of the annular type It probably has no 
real connection with the cluster, which happens to he in the same direction as seen from our region 
of space Both objects are shown on the photograph on page 527, the nebula being the large while 
dot at the lower edge of the cluster 

NGC 2440 (1567h), (64^), Arg4s, 1h 38 3m - 18° 1' 

Small, bnght planetary nebula of a blm^ colour Only about 12 seconds of arc in diameter, 
and therefore appearing almost stellar with low powers Like other small planetaries, it is best seen 
under fairly high magnification, which increases the contrast with the black background of the sky, 
and serves to distmguish it at once from stars of the same brightness Generally, such nebulae show 
a fairly weU-defined edge, but that of 2440 is somewhat diffuse A ruddy star of the ninth or tenth 
magnitude, which follows it closely, may help to identify the nebula, which lies in a very rich region 
of the sky 

NGC 2506 (161Ih), (37«), Argus, Ih 56 Im - 10°22' 

Large mass of faint stars, situated in a fine region which well repays sweeping with a low power 
on a dark night A photograph of the cluster appears on page 528 

\NGC 2632 (44), (1681h), Canon, Sh 35 5m + 20° 16' 

This large open cluster of bnght stars, generally known as " Praesepe," is visible to the naked eye 
as a misty patch of hght close to y and 3 Cancri The smallest telescope, or even a pair of binoculars, 
is suf&cient to resolve it mto stars, and, owmg to its size, it is really seen as satisfactorily in a finder 
as m a larger telescope In mstruments of moderate aperture some of the stars will be found to be 
yellow or orange m tmt, and the prevailmg tone of the majority is hardly so purely white as is the 
case with the chief stars of the Pleiades Some of the stars are arranged prettily in pairs or triangles 

NGC 2682 (67), (1712h), Canon, 8h 269m -h 12° 6' 
me open cluster of somewhat faint stars Best seen on a dark night with a low power, and 
visible as a misty patch in the finder 
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N GC 3031 (81), (1949h), Ursae Majons, 9h 49 Om + 69° 26' 

Bright elliptical nebula Actually a jBine spiral, but the arms are relatively faint, and only the 
bright central portion of the nebula is visible m small telescopes This was one of the first nebulae 
in which internal motions were detected and measured by a comparative study of photographs See 
illustrations on pages 563 and 564 

N GC 3034 (82), (1950h), Ursae Majorts, 9 A 49 2m + 70° 4' 

Very much elongated nebula of the ray " type , really a spiral viewed very obliquely Exhibits 
in large telescopes, two condensations, one on either side of the centre Being only about 40 minutes 
ol arc north following N GC 3031 - A^r-pTA 

(see above), it is included with it m LAOE-R I A N96 

the same field, if the power used is 
very low 

N GC 3242 (2102h), (27^), Hydrae, 
lOh 20 9m - 18° 14' 

Well-defined elliptical planetary 
nebula, about forty-five seconds of 
arc in diameter It is of a delicate 
pale blue colour With ordinary 
telescopes it appears fairly uniform 
in its light, but high powers on large 
instruments show a stellar nucleus 
and a faint circular border outside 
the brighter parts With very low 
powers it IS almost stellar in appear¬ 
ance, and has been observed as a 
star with meridian instruments 
Two fine photographs of this object | 
appear on page 557 They clearly s 
show the faint outer border, and 
make the nucleus relatively much 
brighter than it is seen visually This 
IS the general rule with the nuclei 
of planetary nebulae, which are rich 
in ultra-violet light, being Wolf- 
Rayet stars {See Chapter XIV ) 

NGC 3379 (2203h), (17^), Leoms, 
lOh 43 6m + 13° 0' 

Faint round diffuse nebula with 
central condensation A smaller and 
fainter one follows it These two 
objects are typical of the many 



aWth or comPTu 

# 




il'S 3 33 -V- 4S S 


Similar nebulae in the vicinity, where stars are relatively scarce All the larger ones appear as 
spirals on the photographic plate, but are not so seen visually with ordinary apertures 
NGC 3587 (97), (2343h), Ursae Majorts, llh 10 0m + 55°27' 

Faint circular nebula, about 2| minutes in diameter It is one of the largest of the “ planetary " 
nebulae, but is also one of the faintest, and is only well seen in a dark clear sky and with a large 
aperture With small telescopes it appears uniformly bright, but large instruments show two dusky 
patches or vacuities, one on either side of the centre, which is marked by a stellar nucleus conspicuous 
on photographs Easily found from its proximity to a small star near p Ursae Majons, one of the 
" pointers " of the Plough A photograph of the nebula will be found on page 135 
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N GC 4254 (99), (2838h), Vtrgims, 12/i 14 8w + 14^52' 

Bright round nebula with central condensation On photographs, and in very largi^ t(*Ic'sco])Os, 
IS seen to be a spiral, but only the bright central portions are visible in small telescopes Lk*s iumi 
the boundary of Coma Berenices, and is included by some authorities in this c oustcdLil ion 
A photograph of the nebula appears on page 576 

NGC 4501 (88), (3a49H), Vtrgims, I2h 28 0m -+ 14° 52' 

Bright, very much elongated, nebula with central condensation Actually a fore-shortciu‘(^ spiuil 
Easily found by sweeping eastwards from the nebula last described Telescopes of consuleralile 
aperture show a very great number of very similar nehulse in this region, and it is not always tin easy 
matter to be sure of the identity of each one Several are sometimes to be seen in the sanu* iudd if 
a low power is used The one here described is illustrated on page 576 Like the previous obji^t, 
it IS sometimes included within the boundaries of Coma Berenices 



NGC 4565 (3106h), (24^»), ( omae 
Berenuis, nh 32 4m 1 26'’26' 
Very elongated nebula of the 
" ray type Much thu kei and 
brighter near its centre, alien' it is 
strongly condensed ( losel> 
following the nucleus is a sinallei 
and fainter ray, parallel with the 
mam one, and separated fioin it by a 
narrow dark lane The nthula is 


actually a spiral seen almost txactly 



edgewise, the dark lane btnng an 
effect of absorption by the outlying 
parts on the side nearest to us A 
photogiaph of this interest ii g ohiect 
will be foiincl on ])<igc 575 
NGC 4826 (64), (332In), (omae 
Berenues, Wi 52 8m 1 22" 7' 

III chfined elliptical nebuhi with 
bright centre, near to whuli dark 
sUeak (probably absoibii g luattei) 
IS visible with large aixTtuies Th(' 
nebula is a foic-shortened spinil of 


/..V 1 ^ ^teavun^ion thc uiKondcnsed type, and is illus- 

N G C 2632, (44 Cancri, as seen m binoculais, or with a finder [See page 892 ) , , , 

^ ^ ^ ^ trated on page 569 

NGC 5055 (63), (3474h), Canum Venaheorum, 13A 12 2m -1 42°27' 


Bright elliptical nebula with central condensation, closely following a star of about the eight h mag¬ 
nitude The photograph of it, which will be found on page 681, shows it to be a fore-shorti'iied spiral 
of complex form 


NGC 5194/5 (51), (3572/4), (186^), Canum Vmaheorum, 13A 26 5m 47° 36' 

Two round condensed nebulae, of very similar appearance in small glasses , quite easily pu kc^d up 
with a good finder on a dark night by alignment withTj Ursae Majoris, the star at the end of tlu* Bc'ar's 
tail In large telescopes the more southerly of the two is seen to be surrounded by a faint halo, 
which takes on a spiral aspect m apertures approaching 12 inches This was the first spiral luLula 
to be detected as such by the Earl of Rosse A glimpse of some of the stellar condensations along 
the arms can be obtained by averted vision m instruments of about 10 inches aperture or over A 
fine photograph of this famous object appears on page 572 Visually it is somewhat disapi>ointing m 
ordinary telescopes 










896 


Splendour of fhe Heavens 


]N GC 5272 (3), (3636h), Canum Vmaticorum, IZh 38 6jw + 28° 47' 

Just visible to the naked eye on a dark night It is not near to any bright stars, but can be readily 
picked up in the finder by sweeping towards Arcturus from a point about half-way between that star 
and Cor Caroli (a Canum Venaticorum) In telescopes below three inches aperture it appears as a 
bright circular nebula, somewhat condensed towards its centre In a four-mch telescope it appears 
spangled with bnght pomts, which are separately seen towards the edges of the mass, but are crowded 
into a confused mass in the central parts A six-uich aperture, used in conjunction with a high power, 
will resolve the object throughout into separate stars, though larger glasses are needed to give a really 
satisfactory view It is a typical example of a globular cluster, and is one of the finest of its kind 
in the northern hemisphere A photograph of it is given on page 536 

NGC 5904 (5), (4083h), Uirae, 16A 14 4m -t- 2°22' 

A fine globular cluster, but not equal in si 2 © or brightness to the object just described Easily 
found from its proximity to the fifth magnitude star 5 Serpentis Like most globulars it appears 
as a conspicuous bright spot in the finder 

NGC 6093 (80), (4173h), Scorp%^, 16* 12 Zm — 22°47' 

A globular cluster It is a fine object m a large telescope, but the individual stars are somewhat 
faint and quite mvisible as separate objects with small apertures With a two- or three-inch glass 
the cluster looks like a round nebula with bnght condensed centre In a pretty neighbourhood 
NGC 6121 (4), (4183H),Scor^w, 16* 18 1m - 26° 20' 

Famt cloud of small stars, appearmg like a nebula m the finder, but readily resolved with quite 
a small aperture A four-inch telescope shows it splendidly 

\N GC 6205 (13), {4230h), Herculis, 16* 38 Zm 36° 36' 

Bright and large globular cluster, generally considered the finest of its class m the northern hemi¬ 
sphere Just visible to the naked eye, a third of the way from tj to Herculis, and qmte conspicuous 
in the finder Can be resolved in parts by averted vision with a three-inch telescope, but an aperture 
of about SIX inches is required to give a satisfactory view of the more condensed central parts 
Globular, unlike open, clusters are much better seen with fairly high powers, since these have the 
effect of darkenmg the field and separatmg out the closely crowded component stars The “ Great 
Hercules Cluster,” as it is generally called, is prettily placed with regard to two small neighbourmg 
stars, and a large field includes a small faint nebula about forty minutes of arc to the north-east, that 
is north-followmg A very fine photograph of the great cluster appears on page 533 
\NGC 6210 (4234h), {E6), Herculis, 16* 41 6m -h 47° 40' 

VCTy bright small planetary nebula In the finder and with low powers it is scarcely distmguishable 
from a star of about the eighth magmtude (for which it has more than once been mistaken by meridian 
observers) With high powers it appears as a bluish-green disc about eight seconds of arc in diameter 
Owmg to its bnghtness it is a very suitable object for examination with a small spectroscope, which 
should have its sht or cyhndrical lens removed for the purpose The single bright image that will 
then be seen (or perhaps two more in a large glass) contrasts strikingly with the famJiar Imear spectrum 
of a star, as observed with the same apparatus 

NGC 6218 (12), (4238h), Ophiuchi, 16* 43 Im - 1° 48' 

In very small tdescopes a cucular nebulosity with bnght centre and diffuse edges In larger instru¬ 
ments it IS a very mterestmg object, being mtermediate m type between the globular and loose clusters, 
the stars havmg a distinctly spherical distnbution without the marked degree of agglomeration obser¬ 
vable in such objects as the great Hercules cluster The object is illustrated by a photograph on page 534 
^NGC 6341 (92) (4294h), Herculis, 17* 14 1m -f 43° 14' 

A fine globular cluster resembling its near neighbour M 13, already desenbed, but smaller and 
more markedly condensed at its centre For the latter reason it is not qmte so easy to resolve it com¬ 
pletely, but when this is done, -with a large instrument, there is httle to choose between the two 
objects, though for some reason it has been the custom to give a disproportionate prominence to M 13 
in text-book descriptions of clusters 
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tiV C C 6406 (6), (4318h), Sagittam, llh 34 9w - 32° 9 6' 

A most beautiful open cluster of stars of the galactic type, but rather too far south for satisfactory 
observation in latitudes north of + 45° It is somewhat rectangular in shape, with a central nb of 
stars, and resembles a butterfly with open wings 
^ NGC 6614 (20), (4355h), (41^), Sagittam, llh 67 5m - 23° 2' 

The “Trifid” nebula Not very striking in small instruments, which show an ill-defined 
nebulous glow mvolvmg a few faint stars Large apertures show the three irregular dark rifts which 
give the nebula its name, but these come out much more stnkingly on photographs The nebula 
IS illustrated on page 643 It is in a fine region, well worth sweeping through with a low power on a 
dark night 

NGC 6623 (8), (4361h), Sagittam, Ylh 68 8m - 24° 23' 

Visible to the naked eye and conspicuous as a misty patch in the finder A small telescope shows 
a loose and irregular cluster of small stars, involved m ill-defined nebulosity, which latter comes out 
more clearly to averted vision, or by slightly moving the tube of the instrument from side to side 
A photograph of this object will be found on page 626, but the reader may here be warned not to 
expect to see visually, in this and similar objects, a tenth of the detail brought out so clearly in 
such pictures 

NGC 6643 (4373h), (37^), Dr acorns, llh 68 6m -f 66° 38' 

Bluish, nearly circular planetary nebula, about a third of a minute of arc m diameter With 
large apertures a mmute stellar nucleus is visible This nebula is famous as having been the first to 
reveal its gaseous nature to the spectroscope of Huggins Intrmsically it is not nearly so bnght as 
S 6 Hercuhs (or S 6 below), but is considerably more luminous than M 97 Ursae Majons, the so-called 
" Owl" nebula It hes very close to the North Pole of the Ecliptic 

\NGC 6672 (4390h), (S 6), Ophmchi, ISh Sim +6° 60' 

A minute blmsh planetary nebula, very much hke S 6 Herculis, but even smaller and 
brighter IntnnsicaUy it is quite one of the most luminous nebulae in the whole heavens—and for this 
reason alone is well worth lookmg up It is only about six seconds of arc m diameter, and with 
a very low power would certainly be passed over as a star of the eighth magnitude It forms the 
preceding end of a long isosceles tnangle, the northern star of the two forming the base being the 
bnghter 

NGC 6618 (17), (4403h), Scuti, ISh 16 3m - 16° 13' 

Curious arch of nebulosity, best seen with low powers Just visible in the finder At one end of 
the arch is a straight extension at an acute angle The nebula has been likened to a horse-shoe Many 
fine clusters and groups of stars are to be seen by sweeping in this rich region of the heavens, which 
contains the brightest portion of the Milky Way visible m mid-latitudes of the northern 
hemisphere 

tN G C 6666 (22), (4424ii), Sagittam, ISh 31 6m - 24° 3' 

Fme globular cluster, the laigest visibh‘ north of latitude 42° N Owing to the brightness of its 
component stars it is more readily i('solvable witli moderate instruments than most objects of its t 3 q)e 
If it were so favourably placed for northern observers as the great Hercules cluster, it would probably 
receive at least as much attentfon and admiration as that object 

G C 6706 (11), (4437h), Scuii, ISh 46 6m - 6° 22' 

Beautiful compact cluster of stais, situated on the northern edge of the smaller star-cloud of 
Sagittarius, and visible as a misty spot in the finder It is readily resolved in a two- or three-inch 
telescope, where it appears wedge-shaped, with a brighter star at the apex The whole formation of 
the cluster, as seen thus, has been compared to that assumed by wild ducks m flight M 11 is in type 
very similar to M12, already des(2nbed That is to say, it is more compact than the typical loose 
cluster, but less so than the globular 

tN G C 6720 (67), (4447h), Lyrae, ISh 61 Im + 32° 66' 

The well-known ring nebula m Lyra, the finest example of the annular planetary nebulae Visible 
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in quite a small telescope With low powers it appears as a well-defined elliptical patch of faint nebu¬ 
losity, measuring about sixty by eighty seconds of arc A three-inch telescope, with a fairly high power, 
shows a dusky centre, turning the patch into a ring With apertures over four inches this central 
region can be seen to be not completely dark, and every increase of aperture adds to this “ filling-in 
of the ring with nebulous matter A six-inch glass will show that the ring is fainter at the ends of its 
long axis than at the sides The central star, or nucleus, so conspicuous on photographs of the 
nebula, is a relatively faint visual object, being scarcely discernible with apertures below about fifteen 
inches Its stellar magnitude is about 15 5 A small star of about the thirteenth magnitude 
immediately follows the nebula, and is readily seen with apertures over four inches A photograph 
of the nebula appears on page 127 

NGC 6779 (56), (4485h), Lyme, 19A 13 5m -f 30° 2' 

Small faint cluster of the semi-globular type, easily found nearly half-way along a straight line 
drawn from [3 Cygni to y Lyrae It is not very closely packed, but the faintness of the individual 
stars makes them difficult to see separately with apertures below about four inches The cluster is, 
however, a fine object as seen with a very large telescope 

NGC 6838 (71), (4520h), Sagittae, m 50 2m + 18° 34' 

Somewhat similar m type to the object just described, but larger and brighter The brighter of 
the individual stars can be seen with a three-inch telescope, but larger apertures greatly augment the 
number, and the cluster is quite a striking object m a six- or eight-inch glass It is situated in the 
Milky Way, where the sweeping is fine 

GC 6853 (27), (4532h), Vitlpeculae, l^h 56 Im + 22° 30' 

The " Dumb-Bell" nebula This is, as regards its apparent diameter, quite the largest of the 
planetaries It is clearly visible in a small finder on a dark night, and is an interesting object in any 
aperture over two inches On two opposite sides it exhibits a well-defined curved outline, which is, 
however, indented and diffuse in the intervening sections These indentations, corresponding to the 
“ grip ” of the dumb-bell, are less obvious with large apertures, which show faint extensions of 
nebulosity stretching outwards from each, and mcreasmg the diameter of the nebula to about nine 
minutes of arc in this direction In small instruments the nebula appears broadest at right angles 
to this diameter, the distance from edge to edge being five minutes of arc With telescopes over about 
five inches in aperture a few faint stars can just be seen projected on the surface of the nebula, but 
they probably have no connection with it A photograph of this interesting object appears on 
page 554 

]N GC 7009 (4628h), (D), Aquan% 20h 59 8m - 11° 41' 

Small bluish planetary nebula, elliptical in outline, measuring about twenty-five by eighteen seconds 
of arc Appears practically stellar with low powers and has been catalogued as a star on at least one 
occasion With high powers a darker central region is seen, and the object appears very much like 
the ring nebula in Lyra, except that it is smaller, brighter, and less dark in the middle Large 
apertures show faint extensions of the ellipse on either side in the direction of the major axis, which 
lies Nf—Sp The Earl of Rosse saw these extensions as thin filaments of nebulosity, and noted 
that this gave the nebula an outline similar to that of the planet Saturn The nebula is conse¬ 
quently referred to as the '' Saturn nebula" m many text-books Small instruments do not bring 
out any such resemblance 

NGC 7089 (2), (4678h), Aqmm, 2lh 29 3m ~ 1° 12' 

Fine large globular cluster containing a very great number of stars In small apertures, however, 
it appears simply as a circular nebula, its components being too faint to be separately seen In large 
instruments it is a magnificent object 

NGC 7078 (15), (4670h), Pegai>i, 2lh 26 Im -f 11° 49' 

Fine globular cluster of moderate size, visible as a blurred star in the finder It is strikingly bright 
and condensed at its centre, requiring a large instrument for its resolution here, but the outer parts 
are readily resolved by a four- to six-mch glass. The cluster is illustrated on page 537. 
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N GC 7092 (39), (4681h), Cygm, 21h 294w + 48° 5' 
galactic clustei, just visible as a misty spot to the naked eye, and resolvable with 
opera glasses or a small finder The component stars are not numerous, but are unusually bright lor such 
an object In this respect it is comparable to N G C 2244 (which see) ^ 

jiV G C 7662 (4964h), (18*), Andromedae, 23/i 22 Om + 42° 6' 

Bright slightly elliptical planetary nebula, blue in colour and about twenty seconds of arc in 
diameter Appears nearly stellar with low powers High magnification on an eight- or ten-inch 
elescope shows a dusky centre, giving an annular appearance to the nebula, which is brightest on 
K following the dark space The latter is occupied by a stellar nucleus 

wmch though conspicuous on photographs, is only clearly seen with very large apertures On the 
other hand the outer borders of the nebula are relatively brighter visually than photographically 
ihe effect of this is to make the object appear more nearly circular to the eye than would be expected 
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from a study of photographs taken with shoit cxposuics, which only liinig out tlic vciy elliptical 
internal poitions surrounding the nucleus 

VARIABLE STARS 

A few of the brighter variables are included on these charts, where they are indicated by black 
dots, surrounded by rings None is shown which fails to reach the fifth magnitude at maximum 
and the diameters of the ring and dot indicate m each case the approximate brightness of the star 
at maximum and minimum respectively There is nothing in the telescopic appearance of any 
variable to distinguish it from other stars of the same spectral type, but, for the benefit of those 
who may wish, out of cunosity, to watch the changes of hght that take place in these interesting 
objects, a selected few are given below They are sub-divided according to the recognised types 
described in Chapter XV It will hardly be necessary to point out that the amateur, who wishes to 
make a serious and useful study of variable stars, must arm himself with special maps of the standard 
comparison stars for each object, together with a list of their magnitudes These are to be obtained 
from the Director of the Variable Star Section of the British Astronomical Association, of which every 
observer intending to do serious work should become a member It would be difficult to name any 
branch of astronomical work in which amateurs can obtain results of greater value to the science 
than in the study of variable stars, and the contributions of non-professional workers in the past 
have been responsible for the bulk of our knowledge of these objects The latter are of all degrees 
of bnghtness, and work can thus be found for the smallest telescope or binocular, or even, in the case 
of the brightest vanables, for the unaided eye 

Where a variable star does not already possess some simple designation, it is generally distinguished 
by one of the capital letters between R and Z. followed by the name of the constellation In some 
constellations, however, there are more than nine variables, and in such cases the letters are doubled 
in the order RR,RS, . . SS,ST,etc In Cygnus there axe so many known variables that even this 

du^ex^stem is exhausted, and recourse is had to the earlier letters of the alphabet, from A 

toQ Ahesearenotassignedsingly, but in pairs, in the form AA,AB, BB, BC etc 

No hst IS here given of former Novae, for, although many of them are stiU distinguishable in largo 
instruments, most are beyond the reach of small apertures, and in any case could not be identified 
Without special large-scale charts of their telescopic fields 


ECLIPSING VARIABLES 
[Positions for 1925 0 ] 


{a) Algol Type 


Star 

R A 

Decl 

Range 

Period 

Duration of 
Eclipse 

P Persei 
>. Taun 

W Orioms 

WW Aurigae 

R Cams Majons 
§ Librae 

U Ophiuchi 

h m 

3 ^33 

3 56 5 

5 29 7 

0 27 5 

7 16 4 

14 57 0 

17 12 7 1 

(2-) 

o / 

-f-40 40 

H- 12 17 
- 1 12 
-f 32 30 

- 16 15 

- 8 13 
-b 1 18 

P Lyrae Type 

m m 

21 - 32 
33-42 
58-62 
60 — 6 5 
58 - 64 
48 - 62 
57 - 67 

d 

2 87 

3 95 

149 

1 26 

1 14 

2 33 

i 168 

h 

9 7 

10 5 

30 

45 

58 

13 0 

77 

u Herculis 
p L3rrae 

17 14 6 

18 47 3 

+ 33 11 
+ 33 16 

~ 48 -~F3“I 

34-41 1 

2 05 ~ 
12 91 
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CEPHEIDS, 


Star 

R A 

Decl 

Range 

Period 

— 


h m 

o / 

m m 

d 


blJ Cassiopeiae 

2 45 3 

4- 68 35 

59 - 63 

1 95 

— 

T Monoc^rotis 

t 212 

-f 7 6 

5 8 - 0 8 ’ 

27 01 

— 

RT Aurigae 

6 23 8 

+ 30 33 

49 - 5 9 1 

3 73 

— 

^ Geminorura . 

6 59 7 

+ 20 41 

37 - 4 1 

10 15 

— 

K Sagittani 

17 42 8 

-27 48 

44 - 5 0 

7 01 

— 

Y Ophiuchi 

17 48 6 

- 6 8 

60 - 6 7 

1712 

— 

W Sagittani 

18 0 2 

-29 35 

43 - 5 1 

7 59 

— 

Y Sagittani 

18 17 0 

-18 57 

5 4 - 6 2 

5 77 

— 

U Aquilae 

19 25 3 

- 7 12 

0 2- 69 

7 02 

— 

IQ Aquilae 

19 48 7 

+ 0 49 

37 - 4 5 

7 18 

— 

S Sagittae 

19 52 6 

+ 16 2b 

5 4 - 6 1 

8 38 

— 

T Vulpeculae 

20 48 3 

+ 27 58 

55 - 6 4 

4 44 

— 

5 Cephei 

22 26 4 

+ 58 2 

3 6 - 4 3 

5 37 

— 


LONG PERIOD VARIABLES 



R Androinedae 

0 20 1 

+ \8 10 

5 6 - 14 9 

407 

_ 

o (Mira) Cell 

2 15 b 

- 3 19 

2 0 - 9 7 

331 

— 

R Trianguh 

2 32 5 

+ 33 56 

5 3 - 12 0 

270 

— 

R Lepons 

4 56 2 

- 14 5b 

6 0-104 

420 

— 

U Ononis 

5 51 6 

+ 20 10 

5 4 - 12 3 

374 

— 

R Geminoruixi 

7 2 8 

+ 22 50 

5 9 - 13 8 

370 

— 

R Leonis 

9 43 5 

+ 11 47 

5 0 - 10 8 

310 

— 

R tlrsae Majons 

10 39 4 

+ 69 10 

5 9 - 13 6 

298 

— 

SS Virginis 

12 21 4 

+ 1 11 

6 0 - 9 0 

355 

— 

T XJrsae Majons 

12 33 0 

+ 59 54 

5 5 - 13 6 

254 

— 

R Hydrae 

13 25 6 

- 22 54 

3 5 - 10 1 

406 

— 

S Viigiais 

13 29 1 

- 6 49 

5 8 - 12 7 

372 

— 

R Bootis 

14 33 9 

+ 27 4 

5 9 - 13 0 

222 

— 

R Serpentis 

15 47 2 

+ 15 21 

5 5 - 13 4 

357 

— 

S Herculis 

16 48 5 

+ 15 4 

5 9 - 12 5 

300 

—, 

R Aquilae 

19 2 8 

+ 87 

5 1 ~ 11 8 

310 

— 

R Cygni 

19 34 8 

+ 50 2 

5 9 - It 4 

421 

— 

X Cygni 

19 47 7 

+ 32 44 

4 2 - 13 7 

409 

.— 

T Cepliei 

21 8 5 

+ 68 11 

5 2 - 10 9 

m 

— 

R Aquarii 

23 39 9 

- 15 42 

6 0 - 10 8 

380 

-- 

R Cassiopeiae 

23 54 6 

+ 50 58 

4 8 - 13 6 

428 



IRREGULAR VARIABLES 



a Ononis 

" 5 51 1 

+ 7 24 

10 - 14 

__ 

_ _ 

TJ Geminorum 

7 50 7 

+ 22 12 

89 - 14 0 

_ 

__ 

R Coronae Rorealis 

15 45 5 

+ 28 23 

55 - 12 5 

— 

_ 

R Scuti 

18 43 5 

- 5 47 

48 - 7 8 


_ 

SS Cygm 

21 39 8 

+ 43 14 

84 - 12 0 

- 

- 

* * 

* * 

♦ ^ 





RED STARS 

Really vivid colours, with the exception of reds, are not to be obseived among isolated stars. 
Blues and greens, more or less pronounced, are to be met with in the companions of certain doubles, 
but the tints are never very deep, and are probably due quite largely to the effects of contrast It 
IS otherwise with the red stars, for, although many objects so designated in astronomical text-books 
are more strictly of an orange, or even only yellowish orange tint, some are to be found which 
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really deserve the description applied to them It is well, however, to state that very few particular 
shades of led aie lepreseiiled among the stais The terms “ crimson and '' ruby are often to be 
met with in text-book descuptions, but these tints aie never found pure in the heavens, except 
perhaps in Novae at ceitain stages of their decline The red most commonly to be seen is that of a 
glowing emher, a red-hot poker, or the setting Sun Mention of this may prepare the reader against ^ 

disappointment, in case he expects to see stars that shine like the lamps of railway signals set at 
danger ’’ A large proportion of the reddest stars aie long-period variables Unfortunately, many 
of the finest are somewhat faint for small instruments, and in any case reiectors will deal more , 

satisfactorily with them than refractors The following short list gives but a sample of the many 
objects of their kind to be found in the sky Nearly every star in it is of the maximum degree of ^ 

redness that the telescope has yet revealed to us 


Star 

RA (1920) 

Decl (1920) 

Magiutvde 


h m 

0 / 

m 

4 Andromedae 

\ 0 15 7 

■f 44 16 

82 

R Lepons (B 94) 

4 56 0 

~14 56 

60-104 

R Leoais 

9 43 3 

4-11 48 

50 - 10 8 

R Crateus (B 250) 

10 56 6 

- 17 53 

o 

1 

O 

00 

SS Yirgiais (B 277) 

12 211 

4- 1 13 

6 0 — 90 

B 410 Opliiuclii 

17 25 0 

- 19 25 

78 

T Lyrae (B 448) 

18 29 6 

4-36 56 

72-78 

V Aquilae (B 483) 

19 0 1 

- 5 48 

65-80 

B 521 Cygni 

19 54 6 

4-44 2 

82 

RV CygEi (B 592) 

21 40 0 

-1-37 39 

71-93 


* B = Birmingham’s Catalogue of Red Stais 




LIST OF DOUBLE STARS | 

The following list contains a numhei of the brighter pairs m various parts of the sky, and in most cases the components| 
are not too close nor the differences in magnitude too great for the stars to he separately seen? m instruments of quitcf 1 
moderate aperture il 

Following tlie catalogue designatiou of the stars m Column 1 are given the constellations in which they are situated, mtlij 
Bayer s letters* and Flamsteed s numbers where they are available, and the numbers of the maps (in the case of stars N off 
South Declination 40°), in which they will be found Where obtainable, recent measures of the Position Angles and Distances^ 
have been given, together with the dates In cases in which little or no relative motion has been shown, approximate'; 
positions are given without dates In the column headed " Observer,” the following abbreviations are used — ,: 

Alt = R G Aitken Do = J W Doberch Jn = E L Johnson Lv = E P Leavenworth Ph = T E R Phillips.'' 
Gr. means that the star was measured at the Royal Observatory, Greenwich, Ed that it was measured at the Royal, 
Observatory, Edinburgh, La P that it was measured at the University Observatory, La Plata and CO. that the'' 
measures are taken from a hst of Southern Doubles compiled by Dr R T A Innes, and published m the sixth Edition of;' 
Webb's CelesUal Objects Jot Common Telescopes 

* For Greek Alphabet, see p 919 ^ 


Star A.ND CoNsTELLAiioisr j 

Map 

1920 

E A Dec 

Mags 

S3060 

— Pegasi 

11 

h m 

0 2 0 

0 ; 

4-17 40 

8 5, 8 7 

OS_12 

X Cassiopeiae 

4 

0 27 6 

4-54 6 

5 5, 5 8 

2 60 

X Sculp tons 

7] Cassiopeiae 

4 

0 36 4 

0 44 0 

-39 5 
4-57 23 

6 7, 6 8 
3 7, 7 4 

2 73 

36 Andromedae 

10 

0 50 7 

4-23 12 

6 2, 6 8 

Sellers 1 

p Plicemcis 


1 2 5 

-47 9 

3 3, 3 3 

2100 

1 C Piscmm 

12 

1 9-5 

4-7 9 

4 2, 5 3 


PA 

Dibt 

Date 

Observei 

1 

1 

Remarks 

1 

„_ 

121 3 

3 5 

1921 9 

Pli 




158 9 

0 6 

1923 1 

Pli 

Bmary 



344 2 

0 6 

1919 9 

La P 


_ 

1 ; 

261 9 

7 6 

1922 6 

Ph. 

Bmary 

Peiiocl, 3^28 years. 

1 ! 
[v/ 

56 0 

0 7 

1921 7 

Alt 

Bi;nary 

Period, 124 years 

5 7 

1 7 

1920 9 i 

La P 

Bmary 


\ 

63 5 

23 5 


. 

1 No relative motion 
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\ 3423 
^ U3 
2 93 

(Polaris 

: 138 
)unlop 5 
:i47 
:i63 


CONSIELLAITON 

Map j 

1 

192 

R A 

0 

Dec 

Mags 

K Toucani 


h m 

1 13 0 

o / 

-69 18 

5 0, 7 

42 Ceti 

27 

1 15 7 

- 0 55 

6 2, 7 

a Ursae Minons 

) 

1 

1 3t 7 

+ 88 53 

2, 9 

— Piscmm 

12 

1 31 9 

+ T 16 

7 3, 7 

p Eridani 


1 3b 7 

-56 30 

5 3, 5 

— Ceti 

27 

1 37 8 

-11 43 

5 3, G 

— Cassiopeiae 

4 

1 45 4 

+ 04 28 

6 2, 8 


PA 

Di&t 

Date 

Observer 

O 



_ 

346 4 

5 4 

1920 8 

La P 

357 3 

1 5 

1921 8 

Do 

216 

18 2 



42 7 

1 G 

1920 9 

Lv 

213 4 

9 1 

1922 0 

Jn 

88 

3 6 



34 

35 




Remarks 


larger star a &pcctroscopic binaiy and slightly 
variable The companion a test for small 
apertures, but easy with two and a lialf inches 

Binary Period, 219 years 
No relative motion 

Gold and blue, striking contrabt No relative 
motion 


ARIES SL TRIANGULUM. 






N? 13. 



ARTHUR COTTAM,rRAS 


JS/kicA /S90 

iS & MA A JiT -f S SA 6 AS 
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List of Double Stars —continued 


Star and Constellation 

Map 

R A 

1920 

Dec 

Mags 

PA 

Pist 

Date 

Observer 




h 

m 

o 

/ 





0 







S 178 

— Arietis 

13 

1 

A1 

8 

+ 10 

25 

7 

8, 

7 

8 

198 

9 

3 

0 

1914 

7 

Acocks 

L 180 

Y Arietis 

13 

1 

49 

1 

+18 

54 

4 

2, 

4 

4 

359 

9 

8 

1 

1919 

8 

Ph 

S 186 

— Piscmm 

12 

1 

51 

7 

+ 1 

27 

7 

2, 

7 

2 

41 

6 

1 

1 

1921 

9 

Do 

A 3475 

— Endani 


1 

52 

7 

-60 

43 

6 

5, 

6 

9 

55 

4 

2 

6 

1920 

9 

La P 

p 513 

48 Cassiopeide 

4 

1 

55 

3 

+ 70 

31 

5 

0, 

7 

5 

202 

b 

0 

7 

1921 

7 

Alt 

S 202 

oc Piscmm 

12 

1 

57 

9 

+ 2 

23 

2 

8, 

3 

9 

309 

7 

2 

5 

1922 

0 

Lv 

S 205 

Y Andromedae 

10 

1 

59 

0 

+ 41 

51 

3, 


5 


62 

3 

9 

9 

1918 

0 

Alt 

or 38 

Y^ Andromedae 

10 

1 

59 

0 

+ 41 


5 

4, 

6 

6 

105 

7 

0 

6 

1921 

6 

Alt 

S227 

i Trianguli 

13 

2 

7 

7 

+ 29 

56 

5 

0, 

6 

4 

73 

2 

3 

6 

1911 

3 

Gr 

S231 

66 Ceti 

27 

2 

8 

7 

— 2 

46 

6 

0, 

7 

8 

232 


15 

5 




S 228 

Andromedae 

10 

2 

8 

9 

+47 

6 

6 

7, 

7 

6 

122 

3 

0 

6 

1921 

9 

Do 

S262 

t Cassiopeiae 

4 

2 

22 

4 

+ 67 

3 

4 

2, 

7 

1 

250 

6 

2 

















111 

8 

7 

4/ 

1914 

9 

Ph 

A 3527 

— Eiidani 


2 

40 

2 

- 40 

52 

6 

3, 

0 

5 

42 

9 

2 

1 

1919 

9 

La P 

S 299 

Y Ceti 

27 

2 

39 

2 

+ 2 

54 

3 

0, 

6 

8 

292 


3 





S 311 

TT Arietis 

13 

2 

44 

8 

+ 17 

8 

4 

9, 

8 

4 

117 

7 

3 

0 

1912 

4 

Gr 

r U8 

20 Persei 

5 

2 

48 

6 

+ 38 

1 

5 

5, 

10 


237 


11 





r 533 

e Arietis 

13 

2 

54 

G 

+ 21 

2 

5 

7, 

b 

0 

203 

0 

1 

1 

1921 

7 

Ph 


0 Eridani 


2 

55 

2 

~40 

37 

3 

1, 

4 

1 

87 

3 

7 

8 

1922 

0 

Jn 

52 346 

52 Arietis 

13 

3 

0 

7 

+ 24 

57 

0 

0, 

b 

0 

35b 

7 

5 

2 

1921 

7 

Ph 

I 55 

— Endani 


3 

9 

6 

-44 

4 

5 

9, 

6 

7 

158 

9 

0 

7 

1920 

9 

La P 

S422 

— Taun 

15 

3 

32 

7 

+ 0 

20 

6 

0, 

8 

2 

254 

1 

6 

4 

1902 

0 

Thiele 

S425 

— Persei 

5 

3 

35 

1 

+ 33 

52 

7 

3, 

7 

3 

89 

2 

2 

4 

1914 

9 

Ph 

OS 65 

— Taun 

15 

3 

45 

5 

+ 25 

20 

6 

5, 

6 

8 

210 

7 

0 

6 

1922 

1 

Do 

Dunlop 16 

f Endani 


3 

45 

6 

-37 

53 

4 

4, 

5 

0 

208 

7 

7 

8 

1919 

9 

La P 

S470 

32 Endani 

26 

3 

50 

3 

- 3 

12 

4 

0, 

6 

0 

348 


6 

7 




Russ 38 

— Octantib 


4 

0 

5 

-85 

31 

6 

5, 

7 

7 

245 

0 

2 

3 

1900 


CO 


6 Reticuli 


i 

16 

6 

-63 

27 

6 

1, 

8 

2 

6 

5 

3 

6 

1902 


CO 

Rumk 4 

— Doradub 


1 

22 

3 

-57 

15 

6 

5, 

6 

8 

237 

9 

5 

7 

1902 


CO 


0 Tami 

15 

4 

24 

0 

+ 15 

48 

4 

7, 

5 

0 

346 


337 





S550 

t Cameloparcix 

3 

1 

25 

7 

+ 53 

45 

5 

1, 

b 

2 

307 


10 





S559 

Taun 

15 

4 

28 

9 

+ 17 

51 

7 

0, 

7 

0 

278 


3 





S572 

— Taun 

15 

1 

33 

5 

+ 26 

47 

6 

5, 

6 

5 

200 

2 

3 

7 

1910 

0 

Gr 

h 3683 

~ Doradub 


4 

38 

7 

-59 

6 

5 

4, 

6 

5 

72 

2 

0 

b 

1920 

9 

I.a P 

S 590 

55 Eridam 

26 

4 

39 

7 

- 8 

56 

6 

2, 

b 

7 

31 


9 





S616 

0 ) Aurigae 

14 

4 

53 

8 

+ 37 

47 

4 

0, 

7 

9 

353 

9 

5 

8 

1904 

2 

Gr 


— Ononis 

24 

4 

56 

4 

+ 3 

30 

6 

3, 

7 

0 

258 

4 

20 

6 

1915 


Franks 

OS 95 

— Taun 

15 

5 

0 

8 

+ 19 

42 

6 

6, 

7 

2 

320 

6 

0 

9 

1919 

9 

Ph 

S 644 

— Aungae 

14 

5 

4 

9 

+ 37 

12 

6 

7, 

7 

0 

219 

4 

1 

6 

1909 

9 

Gr 

OS 98 

14 Ononis 

24 

5 

3 

5 

+ 8 

23 

6 

0, 

6 

8 

134 

3 

0 

8 

1921 

8 

Alt 

S 661 

K Lepons 

28 

5 

9 

5 

-13 

2 

5 

0, 

7 

9 

359 


2 

6 




S 668 



















(Rigel) 

p Ononis 

24 

5 

10 

7 

- 8 

17 

0 

3, 

6 

7 

202 


9 

5 




Dawes 5 

7] Ononis 

24 

5 

20 

5 

- 2 

28 

3 

8, 

4 

8 

78 

6 

1 

3 

1921 

5 

Alt 

S 716 

118 Tami 

15 

5 

24 

3 

+ 25 

5 

5 

8, 

6 

b 

201 

4 

1 

7 

1915 

9 

Ph 

h 3766 

a Lepons 

28 

5 

29 

2 

-17 

53 

4 

0, 

9 

5 

156 

1 

35 

4 




S 738 

X Ononis 

24 

5 

30 

7 

4- 9 

53 

4 

0, 

6 

0 

43 


1 

5 




S 752 

i Orionib 

24 

5 

31 

5 

- 5 

57 

3 

2, 

7 

3 

142 


11 

3 




S 749 

— Taun 

15 

5 

31 

9 

+ 2b 

53 

7 

1, 

7 

2 

344 

0 

1 

0 

1922 

1 

Ph 

S 762 

a Ononis 

24 

5 

34 

7 

- 2 

38 












S 774 

^ Ononis 

24 

5 

36 

7 

- 1 

58 

2 

0, 

5 

7 

158 

8 

2 

4 

1913 

2 

Gr 

OS 545 

6 Aungae 

14 

5 

54 

3 

+ 37 

13 

3 

3, 

7 

5 

335 

1 

2 

6 

1919 

7 

Ph 

S 845 

41 Aurigae 

14 

6 

5 

5 

+48 

44 

5 

2, 

6 

4 

353 


8 






Remarks 


Beautiful pair 


Angle slowly uiLrcdsiug 
Binary Period, 63 years 


Gold and greenish blue , beautiful conti 
Binary Period, 65 years 
Yellow and blue Beautiful pair 
Very little relative motion Yellowish and blue^ i 
Binary Period, 167 years * i 


Fine triple 


Very little relative niotiou 
Test for small telescopes 
Spectioscopic binary 


Colours well contrasted 
Binary of long period Placed 10® too fa#* 
north on Map 


Very fine colours Topaz and light green 
No relative motion 


Naked eye pair 
No relative motion 




4 


Colour estimates discordant 


Greenish blue and red Colours remarkable* 
No relative motion Yellowish and bluish 


Bluish Test for two inch telescope 
Test for four inch telescope 


Pine field for ^amaU telescopes, with other pairs 
No relative motion Very fine region 
No relative motion 


Very beautiful multiple group, with 8trikin|i 
colours 

Disagreement as to colour of smaller star 
Test for four inch telescope 
No relative motion 
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List or Double Stars— continued, 


It AND Constellation 

Map 

1920 

R A Dec 

Mags 

PA 

3- ounn 

Dist 

Date 




h m 

0 / 



7 , 


a 

— Aurigae 

14 

6 10 3 

4-36 11 

6 0, 7 0 

217 

11 


0 

8 Monocerotis 

25 

6 19 5 

+ 4 38 

4 0, 6 7 

25 

13 5 


9 

11 Monocerotis 

25 

6 24 9 

- 6 58 

5 0, 5 5 

132 8^ 

7 2 \ 







6 0 

106 1/ 

2 5/ 

1911 1 

pa 

— Puppis 


6 27 9 

-50 11 

5 3, 5 3 

261 1 

0 6 

1903 

4 

20 Geminorum 

16 

6 27 6 

+ 17 51 

6 0, 6 9 

210 

20 


5 

— Colpmbae 


6 32 6 

-36 43 

5 6, 6 6 

258 1 

1 3 

1920 0 

,52 

54 Aurigae 

14 

6 34 5 

+28 20 

6 0, 7 8 

33 2 

0 8 

1912 7 


— Anngae 

14 

6 34 7 

+41 4 

7 1, 8 0 

268 6 

0 7 

1914 9 

S 

12 Lyncis 

7 

6 39 2 

+59 32 

5 2, 6 1 

108 2 

1 8 

1921 7 

op 32 

“ I^uppis 


6 39 6 

-38 19 

6 3, 7 7 

276 8 

8 2 

1920 0 


Observer 


Remarks 


No relative motion 

Yellow and bluish Very fine low power field 


Gr 
C O 

La P 
Gi 
Ph 
Ph 
La P 


Very beautiful group 


Yellow and blue Pine field 


AURIGA 


N?I4 



@ 


0 
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Splendour of the Heavens 


List of Double Stars —continued 


Star and Constellation 

Map 

1920 

R A Dec 

Mags 

-i-__ 

PA 

Dist 

Date 

Observer 




h m 

0 / 


1 


» 



Sinus 

a Cams Maj 

28 

6 41 6 

-16 35 

-1 6,8 4 

62 4 

11 2 

1922 1 

Ph 

OS 156 

— Gemmorum 

16 

6 42 7 

+ 18 17 

6 5. 

7 0 

293 4 

0 5 

1911 7 

Gr 

S 982 

38 Gemmorum 

16 

6 50 1 

+13 17 

5 4, 

7 7 

157 0 

6 5 

1914 9 

Ph 

S 997 

{jL Cams Maj 

28 

6 52 4 

-13 56 

4 7, 

8 0 

334 5 

2 3 

1901 

Do 


e Cams Maj 

28 

6 55 5 

-28 51 

2, 

9 

161 

7 5 



Dunlop 39 

— Cannae 


7 2 0 

-59 4 

5 7, 

6 9 

80 7 

1 9 

1912 

CO 

h 3928 

— Puppis 


7 2 6 

-34 40 

6 3, 

7 4 

153 7 

3 9 

1920 1 

La P 


Y Volantis 


7 9 5 

-70 22 

3 7,> 

5 5 

299 4 

13 7 

1922 2 

Jn 

S 1066 

S Gemmorum 

16 

7 15 3 

+22 8 

3 2, 

8 2 

209 9 

6 7 

1912 3 

Gr 

Riimk 6 

— Cannae 


7 18 4 

-52 10 

5 9, 

6 5 

21 0 

8 8 

1902 

CO 


a Argus 


7 26 7 

-43 9 

3 3, 

7 9 

73 8 

22 4 

1922 2 

Jn 

S 1110 

a Geinmoriim 

16 

7 29 5 

+32 4 

2 7, 

3 7 

214 7 

4 6 

1923 0 

Ph 

(Castor) 











269 

— Puppis 

28 

7 30 9 

-23 18 

6, 

6 

no 

9 



S 1121 

— Puppis 

28 

7 32 9 

-14 18 

7 2, 

7 2 

304 

7 5 



h 273 

K Puppis 


7 35 5 

-26 37 

4 1, 

4 1 

318 

10 



S 1126 

— Cams Min 

25 

7 35 8 

+ 5 24 

7 2, 

7 5 

149 6 

1 1 

1923 0 

Ph 

h 3997 

— Volantis 


7 37 0 

-74 6 

6 5. 

6 6 

115 3 

2 1 

1921 0 

La P 

S 1138 

2 Puppis 

28 

7 41 8 

-14 30 

6 2, 

7 0 

339 

16 5 



OS 182 

— Cams Mm 

25 

7 48 5 

+ 3 36 

7 0, 

7 5 

32 1 

0 9 

1912 2 

Gr 

S 1177 

— Canon 

17 

8 0 7 

+27 45 

6 5, 

7 4 

351 5 

3 5 

1910 7 

Gr 

Dunlop 63 

— Puppis 


8 7 1 

-42 24 

6 4, 

7 4 

80 9 

5 5 

1907 

C 0 

111196 

Canon 

17 

8 7 6 

+ 17 54 

5 0. 

5 7 

256 9 

0 7 

1923 0 

Ph 

Dunlop 86 

s Volantis 


8 7 5 

-68 24 

4 5, 

8 0 

22 2 

6 1 

1922 3 

Jn 

S1223 

9 * Canon 

17 

8 22 0 

+27 12 

6 0, 

6 5 

216 

4 9 



p 205 

Mall 


8 29 1 

-24 16 

6 9, 

7 0 

205 0 

0 5 

1917 1 

Alt 

L1245 

— Hydrae 

30 

8 31 6 

+ 6 54 

6 0, 

7 0 

25 

10 3 



p 208 

— Pyxis 

30 

8 35 1 

-22 29 

5 2, 

8 5 

196 9 

1 0 

1917 1 

Alt 

h 4128 

— Cannae 


8 37 5 

-60 2 

6 4, 

7 1 

217 1 

1 6 

1912 

C 0 

S1270 

— Hydrae 

30 

8 41 3 

- 2 19 

6 6, 

7 6 

260 

4 7 



E1268 

t Canon 

17 

8 41 9 

+29 3 

4 0, 

6 5 

307 

30 




S Argus 


8 42 2 

-54 24 

2 1, 

5 2 

156 9 

1 3 5 

1922 4 

Jn 


(Velonim) 










S1273 

e Hydrae 

30 

8 42 5 

+ 6 43 

3 8, 

7 8 

244 0 

3 1 

1922 2 

Do 

Rumk 9 

— Cannae 


8 43 2 

-58 26 

6 3, 

6 7 

295 1 

4 2 

1902 

C 0 

S1291 

— Canon 

17 

8 49 4 

+30 53 

5 9, 

6 4 

322 5 

1 4 

1912 8 

Gr 

S1295 

17 Hydrae 

30 

8 51 6 

- 7 40 

7 2, 

7 3 

359 

4 3 




H Velorum 


8 53 9 

-52 25 

4 8, 

7 8 

338 2 

2 9 

1922 3 

Jn 

h 4165 

— Velorum 


8 58 3 

-51 53 

5 4, 

7 4 

105 4 

1 2 

1920 ^ 

J.a P 

A 4188 

~ Velorum 


9 9 5 

-43 17 

5 7, 

6 2 

282 

3 1 

1902 

C 0 

S 1356 

m Leonis 

19 

9 24 2 

+ 9 25 

6 2, 

7 0 

130 1 

1 0 

1922 3 

Ph 

OS 208 

9 TJrsae Maj 

8 

9 46 7 

+ 54 27 

5 2, 

5 5 

324 1 

0 5 

1921 i 

Alt 

Dunlop 78 

X} Antliae 

30 

9 27 3 

-31 32 

5 9, 

6 7 

211 1 

8 2 

1919 7 

Li I' 


t|> Argus 


9 27 5 

-40 7 

^ 6, 

5 0 

154 9 

1 1 

1922 i 

1 lint s 


(Velorum) 










h 4220 

— Velonim 


9 30 0 

-48 39 

5 4, 

0 0 

210 0 

^ 7 

1908 

C 0 


u Argus 


9 45 1 

-64 41 

3 1, 

3 9 

127 8 

5 1 

1918 1 

\ P 


(Cannae) 











8 Sextantis 

30 

9 48 5 

- 7 43 

5 5, 

5 7 

64 6 

0 6 

1921 3 

Alt 

Harg 47 

— Cannae 


10 1 1 

-61 29 

6 3, 

7 8 

353 8 

1 4 

1899 

C 0 

S 1424 

Y Leonis 

19 

10 15 5 

1 + 20 15 

2 6, 

3 8 

117 9 

3 8 

1 1923 0 

Ph 


Remarks 


Binary Period, 40 years 

Yellow and blue 


Pale yellow and leddibli 

Bmiry Period, 347 years Magnificent p« 
l^icli component i spcctroscopie binary 


White and pale blue 

Little or no relative motion 

Binary Period, 00 years A third star 
ns*" 2, 4'' 8 {AC “) Ph 1916 


Test for ten inch telescope 

No relative motKJii >Stai onultcd from Mi 


No lelative motion 

Yellow and blue Beautiful tonlrasl 


The briglitei star a close double Ra 
binaiy Ptiiod, 11 yi irs 176*' 6, 0^ 
Alt 1021 8 

Crocus yellow Tliib is the sbir called i* 
the Map 

No relative motion 

Striking contrast in colonis 

Biimy Ptiiod, 11 () \t us 

Test foi ten null tt Use ope Binary Pdi 
100 ye us 

St 11 tnU r< <l Ill Map is 

Bill iiy 


Binaiy 

Very fine pair Bin iry Period, 407 year 









splendour of the Heavens 


91 ] 


R and C on ST ell ai ion 

1 Map 

1920 




1 R A 

Dec 




h m 

0 / 


S Velorum 


1 10 28 5 

-44 3! 

66 

35 Sextantis 

30 

I 10 39^2 

-f" 5 K 


pL® AxgCis 


10 43 3 

-48 5< 


(Velorum) 





S Chamelioms 


10 44 5 

-80 : 

i 161 

— Cannae 


10 46 2 

-58 5^ 

87 

54 Leonis 

19 

10 51 3 

+25 1( 

i 

— Centaun 


11 12 7 

-45 2( 

23 

H IJrsae Maj 

8 

11 14 4 

+ 32 ( 


Tu Centaun 


11 17 4 

-54 

36 

% Leonis 

19 

11 19 7 

+ 10 5^ 


List of Double Stars- —continued 


Mags 


5 6, 5 9 

6 1, 7 2 
2 8, G 3 


PA 

Dist 

Date 

Observer 

Rfmarks 

0 

It 


— 

— 

217 4 

13 3 

1903 

C 0 

— 

240 

6 6 



No rcntive motion 

61 6 

2 5 

1900 

CO 

Pine colour contrast 

65 3 

0 6 

1912 

C 0 

^. 

271 6 

1 6 

1897 

C 0 

Anj^k mClcusmp: slowly 

107 0 

0 5 

1910 8 

Gr 

__ 

280 4 

2 6 

1913 

CO 

. - 

99 2 

2 8 

1922 2 

Do 

Bill uy Period, (SO ycais 

140 3 

0 () 

1914 9 

Voilte 


37 4 

1 7 

1920 3 

r^v 

- 



© 
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Splendour of the Heavens 


List of Double Stars —continued 


Star and Constellation 

Map 

1920 

R A Dec 1 

Mags 1 

PA 

! 

Dist 1 

Date 

Observer j 

Remarks 




h m 

o / 



// 




h 4432 

— Cannae 


11 19 9 

-64 31 

5 3, 6 5 

299 5 

2 5 

1918 4 

La P 

-- 

2 1540 

83 Leonis 

19 

11 22 8 

-h 3 27 

6 3, 7 3 

150 

29 6 



Smaller star rudely 

Jacob 6 

— Hydrae 

31 

11 25 7 

-24 1 

6 0, 6 0 

77 

8 



-- 

I 78 

— Centauri 


11 29 7 

-40 9 

5 5, 5 6 

89 4 

1 2 

1910 

CO 

—— 

h 4478 

p Hydrae 

31 

11 48 9 

-33 27 

4 4, 4 8 

355 8 

1 4 

1919 5 

LaP 

— 


s Chanielioms 


11 55 6 

-77 47 

5 0, 5 8 

182 8 

1 1 

1922 5 


— 

2 1596 

2 Comae Ber 

9 

12 0 2 

+21 55 

6 0, 7 5 

339 

3 7 



No relative motion 

h 4498 

—• Muscae 


12 2 2 

-65 16 

6 0, 7 7 

61 6 

8 7 

1902 

CO 

— 


D Centaur 1 


12 9 8 

-45 17 

5 3, 6 5 

246 0 

3 1 

1922 5 

Jn 

— 

920 

— Corvi 

n 

12 11 6 

-22 54 

6 5, 7 0 

257 1 

1 2 

1905 

Doolittle 

Star not on Map 

Russ 19^ 

- Centauii 


12 13 6 

-35 39 

6 3, b 7 

166 3 

1 1 

1910 

CO 


2 1627 

— Virgmis 

29 

12 14 1 

- 3 30 

5 9, 6 4 

196 

20 



No relative motion 

S 1633 

- Comae Ber 

9 

12 16 7 

+27 31 

7 1, 7 2 

245 

8 8 



No relative motion 

ii: 1639 

- Comae Ber 

9 

12 20 4 

+26 2 

6 7, 7 9 

337 5 

0 6 

1923 1 

Ph 

Binary Period, ‘?61 years 


a Crucis 


12 22 1 

-62 40 

1 0, 1 5 

113 8 

1 9 

1922 5 


No relative motion jet obseT\efI 

Hh 39() 

S Corvi 

31 

12 25 7 

-16 4 

3 0, 8 5 

214 

24 i 



Yellowish white and lilac 

2 1657 

24 Comae Bei 

9 

12 31 2 

+ 18 49 

4 7, 6 2 

271 

20 2 



No relative motion Yellow and \er\ bliu 


Y Centauri , 


12 37 0 

-48 32 

2 4, 2 4 

359 0 

0 8 

1921 3 

1 cl V 

Binary Period, SO'i years 

2 1669 

— Corvi 

31 

12 37 1 

-12 33 

6 5, 6 5 

304 

5 7 



No relative motion 

2 1670 

Y Virginis 

29 

12 37 7 

-10 

3 6, 3 7 

322 3 

5 8 

1922 2 

Do 

Fine biiiaiy Period 11)4 year'^ 


t Crucis 


12 41 2 

-60 34 

4 8, 7 8 

27 0 

26 4 

1922 5 

Jn 


Russ 207 

P Muscae 


12 41 3 

-67 41 

3’3, 3 6 

357 0 

1 2 

1922 5 

Jn 

— 

21687 

35 Comae Bei 

9 

12 49 4 

+21 41 

5 0. 7 8 

96 7 

1 0 

1921 3 

Ph 


2 1692 

12 Canum Veu 

9 

12 52 3 

+ 38 45 

3 2, 5 7 

227 8 

19 7 

1910 5 

Ph 

- 

(Cor Car 

oh) 










P929 

48 Virgims 

29 

12 59 8 

- 3 14 

6 2, 6 2 

209 0 

0 5 

1919 4 

Gr 

— 

Russ 213 

— Centauri 


13 2 5 

-59 26 

6 1, 6 3 

26 0 

0 8 

1912 

CO 

— 


0 Muscae 


13 2 9 

-64 52 

5 6, 7 0 

186 0 

5 6 

1922 5 

Jii 

-- 

Sellers 18 

— Centauii 


13 18 1 

-47 31 

6 3, 7 2 

224 0 

0 8 

1895 

CO 

— 

S 1744 

^ Ursac Mci] 

8 

13 20 7 

+ 55 20 

2 1, 4 2 

150 1 

11 4 

1919 5 

Ph 

The first double star discovered (by RiccioU 

(Mizar) 










the first photographed (by Bond), t 











brighter component the first discover 











spectroscopic binary ^ and Akor form 











naked eye pair 

OSS 123 

— Dracoms 

1 

13 24 4 

+ 65 10 

6 4, 6 8 

147 

6 9 



Yellowish and blue 

S 1768 

2 5 Canum Ven 

<) 

13 33 9 

+36 42 

5 7, 7 6 

119 9 

1 5 

1920 3 

Ph 

White and blue Biiiaiy Peuod, 1220 jea 


Q Centauri 


13 36 6 

-54 9 

5 4, 6 8 

165 7 

5 0 

1909 

C 0 


S 1777 

84 Virginis 

29 

13 39 1 

+ 3 57 

5 8, 8 2 

230 8 

3 3 

1913 3 

Acocks 



N Centauri 


13 46 9 

-52 25 

5 1, 7 4 

288 7 

18 2 

1897 

C O 



K Centauri 


13 47 2 

-32 36 

15 5 9 

110 1 

7 () 

1922 5 

fn 


p 3n 



H 47 4 

-31 13 

6 2 7 0 

112 8 

1 2 

1910 

( O 



h Centauri 


13 48 6 

-31 32 

4 8, 6 3 

183 8 

4 ^ 

1903 

CO 



7 ) Centauri 


13 48 6 

-35 16 

5 6, 5 8 

93 2 

1 0 

1910 

CO 

— 

Russ 227 

— Centauri 


13 51 1 

-53 42 

6 4, 7 4 

357 2 

1 4 

1911 

CO 

-- 

DunloplS? 

) — Centauri 


14 16 8 

-58 5 

4 9, 6 9 

162 1 

9 8 

1902 

CO 

— 

S 1833 

— Virgmis 

29 

14 18 4 

- 7 24 

7 0, 7 0 

168 

5 6 



Very little relative motion 

S 1835 

— Bootis 

20 

14 19 4 

+ 8 49 

5 5, 6 8 

190 

6 3 



— 


oc Centauri 


14 34 3 

-60 30 

0 1, 1 5 

226 6 

12 7 

1922 5 

Jn 

The second nearest star to the Solar Syste 











Splendid binary Period, 80 years 

S 1864 

Tc Bobtis 

2 

14 37 0 

+16 46 

4 9, 6 0 

104 5 

5 7 

1921 6 

Ph 

— 

S 1865 

“Z Bobtis 

20 

14 37 5 

+14 5 

3 5, 3 9 

137 8 

0 9 

1921 4 

Alt 

Binary Period, 180 years Test for five a 











a half inch telescope 

S1877 

c Bootis 

20 

14 41 5 

+27 21 

3 0, 6 3 

329 9 

2 7 

1921 5 

Ph 

Yellow and bluish Test for two inch telesco 

P 106 

pL Librae 

34 

14 44 9 

-13 49 

5 5, 6 3 

333 2 

1 5 



— 

S1888 

^ Bootis 

20 

14 47 7 

+19 26 

4 7, 6 6 

48 8 

3 0 

1923 2 

Ph 

Binary Period, 160 years 

p 239 

59 Hydrae 

31 

14 53 9 

-27 20 

6 0, 6 0 

321 0 

1 0 

1908 

Doolitth 

3 -- 
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Splendour of the Heavens 


List of Double Stars— conttnued 


SttAR AND Constellation 

Map 

1920 

R A Dec 

Mags 

PA 

Dist 

Date < 

Observer 

Remarks 

1 

1 


h m 

0 / 







3S>iinlopl96 

Lupi 


15 51 8 

-33 43 

5 2, 5 5 

48 8 

10 6 

1919 6 

La P 

— 

12>unlopl97 

7J Lupl 


15 54 8 

-38 10 

3 6, 7 7 

20 7 

15 2 

1919 6 

La P 

— 

S 1998 

5 Scorpii 

34 

16 0 0 

-11 10 

4 9, 5 2 

177 7 

1 0 

1921 5 

Alt 

Binary Period, 45 years Third star ibout 











7" distant makes a triple system Denoted 











as 1999 on Map 


P Scoipii 

34 

16 0 8 

-19 36 

2 0 , 4 0 

24 

13 



Brighter star a close pair 

lb. 6706 



16 4 4 

-32 26 

6 3, 7 0 

85 2 

7 8 

1897 

CO 

— 

@ 120 

V Scorpii 

34 

16 7 3 

-19 15 

4 1, 7 0 

337 

41 



Each component double as below 






4 2, 6 7 

9 2 

0 91 









7 0, 8 0 

48 4 

2 1 } 

1912 1 

Gr 

-- 

£2021 

49 Serpentis 

32 

16 9 6 

+13 45 

6 7 , 6 9 

337 7 

3 7 

1915 

Franks 

— 

£2032 

a Coronae Bor 

20 

16 11 7 

■f34 1 

5 0, 6 1 

219 5 

5 2 

1921 4 

Do 

Binary Colour estimates discordant 

lELh 505 

0 Scorpii 

34 

16 16 3 

-25 24 

3 0, 8 0 

271 2 

20 4 



White and blue Spectroscopic binary 


— Scorpii 


16 18 8 

-33 1 

6 5, 7 0 

153 2 

5 9 

1907 

CO 

— 

A 4850 

— Scorpii 


16 19 6 

-29 31 

6 5, 7 0 

352 

6 9 



— 

512 

p Ophiuchi 

32 

16 21 5 

-23 19 

6 0, 6 0 

353 2 

3 4 

1905 

Jouffray 

In blank space Binary 

£2054 

— Draconis 

1 

16 22 6 

+61 51 

5 7, 6 9 

357 2 

1 1 

1900 6 

Gr 

-- 

01:312 

7 | Draconis 

1 

16 22 9 

+61 42 

2 1, 8 1 

141 7 

5 3 

1921 7 

Ph 

Yellow and orange 

.Antares 

a Scorpii 

34 

16 24 5 

-26 16 

1 2, 7 0 

27b 

3 7 



Red and green 

£20'55 

“k Ophiuchi 

32 

16 26 9 

+ 2 10 

4 0, 6 1 

82 6 

0 8 

1922 0 

Ph 

Binary Period, 110 years 

£ 2078 

16 Draconis 

1 

16 34 3 

+ 53 5 

5 0, 6 0 

112 0 

3 5 

1912 

Gr 

— 

I. 6912 



16 35 3 

-48 37 

5 6, 9 0 

11 6 

1 7 



Pme multiple group 

£2084 

^ Herculis 

21 

16 38 3 

+31 42 

3 0 , 6 5 

79 4 

1 4 

1921 C 

Alt 

Binary Period, 34 years 

OS 315 

21 Ophiuchi. 

32 

16 47 4 

+ 1 22 

6 2, 8 1 

154 3 

0 7 

1907 2 

Gr 

— 

£ 2107 

— Herculis 

21 

16 48 7 

+28 48 

6 5, 8 0 

31 2 

0 6 

1920 6 

Alt 

Binary Period, 154 years 

£2114 

— Ophiuchi 

32 

16 58 1 

+ 8 34 

6 2, 7 4 

165 7 

1 0 

1921 5 

Do 

— 

£ 2130 

p. Draconis 

1 

17 3 7 

+54 35 

5 0 , 51 

130 4 

2 2 

1916 4 

Ph 

Binary 

p 1118 

7) Ophiuchi 

32 

17 5 8 

-15 38 

3 1, 3 6 

238 0 

0 6 

1921 5 

Alt 



36 Ophiuchi 

32 

17 10 5 

-26 28 

6 0, 6 0 

190 

4 2 

1905 

Doolittle 

— 

£ 2140 

oc Herculis 

21 

17 11 0 

+14 29 

3 0, 6 1 

111 3 

4 6 

1921 C 

Ph 

Yellow and blue green 

X, 7194 

— Arae 


17 12 9 

-46 33 

5 6, 8 3 

174 3 

3 0 

1922 6 

Jn 

— 


39 Ophiuchi 

32 

17 13 1 

-24 12 

5 5, 6 0 

356 

11 



Pale orange and clear bine 

£ 2161 

p Herculis 

21 

17 20 9 

+37 13 

4 0, 5 1 

313 3 

3 8 

1921 7 

Ph 

— 

A 4949 

Arae 


17 20 9 

-45 46 

5 6, 6 6 

259 3 

2 5 

1922 6 

Jn 

— 

£ 2173 

— Ophiuchi 

32 

17 26 3 

- 1 0 

5 8, 6 1 

147 3 

0 8 

1921 4 

Alt 

Binary Period, 46 years 

£ 2202 

61 Ophiuchi 

32 

17 40 6 

+ 2 37 

5 5. 5 8 

93 

20 6 



No relative motion 

©S 338 

— Ophiuchi 

32 

, 17 48 4 

+15 20 

6 6, 6 9 

13 1 

0 7 

1919 6 

Gr 

— 

A 5003 

— Sagittani 


17 52 9 

-30 15 

6 0, 7 0 

105 

5 



— 

£ 2264 

95 Herculis 

21 

17 58 4 

+21 36 

4 9, 4 9 

257 9 

6 1 

1921 6 

Ph 

Fine pair Very little relative motion Strange 











colour variations recorded 

£2262 

T Ophiuchi 

32 

17 58 7 

- 8 11 

5 0, 5 7 

259 6 

2 1 

1913 4 

Ph 

Binary Period, 230 years 

A 5014 

— CoronaeAust 


18 1 0 

-43 26 

5 0, 5 0 

236 8 

1 8 

1910 

CO 

— 

£2272 

70 Ophiuchi 

32 

18 1 4 

+ 2 33 

4 1, 6 1 

127 9 

5 7 

1923 6 

Ph 

Fine binary star Period, 88 years 

£ 2276 

— Ophiuchi 

32 

18 2 0 

+12 0 

6 0, 7 0 

258 

6 8 



No relative motion 

£ 2281 

73 Ophiuchi 

32 

18 5 8 

+ 3 58 

5 7, 7 2 

72 9 

0 6 

1921 4 

Alt 

Distance increasing Binary Periods of 220 











and 423 years have been computed 

£2289 

— Herculis 

21 

18 6 6 

+ 16 27 

6 0, 7 1 

228 2 

1 1 

1911 8 

Gr 

— 


^ Pavonis 


18 15 9 

-61 32 

4 2, 8 2 

150 1 

3 3 

1902 

CO 

Good colour contrast 

£2306 

— Scuti Sob 

32 

18 17 7 

-15 8 

7 2, 7 9 

220 

11 



The brighter star a close double 

£ 2316 

59 Serpentis 

32 

18 23 1 

+ 08 

5 5, 7 8 

316 

3 8 



No relative motion 

OS 358 

— Herculis 

21 

18 32 3 

+16 55 

6 8, 7 2 

187 5 

2 0 

1919 6 

Gr 

— 

£ 2375 

— Serpentis 

32 

18 41 5 

+ 5 24 

6 2, 6 6 

117 7 

2 2 

1905 6 

Lau 

— 

£ 2382 

Lyrae 

21 

18 41 7 

+39 35 

4 6, 6 3 

7 2 

2 9 

1921 6 

Ph 

Binary 

£ 2383 

Sr Lyrae 

21 

18 41 7 

+39 32 

4 9, 5 2 

116 8 

2 3 

1921 6 

Ph 

Binary 

£ 2379 

5 Aquilae 

33 

18 42 3 

- 1 3 

5 6, 7 4 

121 

13 



No relative motion 

£ 2404 

— Aquilae 

33 

18 47 0 

+ 10 53 

5 8, 7 0 

182 

3 7 



Very little relative motion Yellow and blue , 











remarkable colours 
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List of Double Stars— continued 


Star and Constellation 

Map 

1 1 

1920 

R A Dec 

Mags 

Bnsbane 

1 

~ CoronaeAust 


h m 
18 55 6 

-37 10 

6 0, 6 2 

Har 150 

^ Sagittani 

35 

18 56 6 

-30 0 

4 0, 5 0 

Gale 

y CoronacAust 
-- Pavonis 


19 1 0 
19 9 2 

-37 10 
-66 48 

4 8, 4 3 

5 6, 7 6 

OS 371 

— Lyrae 

21 

19 12 7 

+27 19 

b 8, 6 9 

S2525 

— Cygni ' 

22 

19 23 3 

+27 10 

7 4, 7 6 


P Cygni 

22 

19 27 5 

+27 47 

3 0, 5 3 

S 2579 

S Cygni 

22 

19 42 5 

+44 56 

3 0, 7 9 

S2580 

i 

Cygni 1 

21 

19 43 4 

+33 53 

5 1, 8 1 

S 2583 

TC Aqiiilae | 

33 

19 44 9 

+ 11 17 

b 0, b 8 

S 2603 

e Draconis 

1 

19 48 5 

+ 70 4 

4 0, 7 b 


P A Dist Date Observer Remarks 

282 5 12 3 1903 CO - 

785 05 19215 Ait Now widening Binary Period, 22 yeai 

j Test for ten inch telescope 

85 1 2 5 1922 6 Jn Binary Period, 152 years 

39 5 , 0 8 1901 CO 

151 0 8 No relative motion 

305 1 1 0 1921 7 Alt Binary Period, J65 ye.irs 

54 5 I 34 5 1916 8 Ph Little or no relative motion Yellow and bit 

I Very striking contrast One of the me 

I beautiful pairs in the sky 

27b 4 I 1 9 1922 6 Ph Test for four inch Apt to be difficult in da 

' sky, because companion lies on diffracti 

I ring Binary I>eriod, 121 years 

71 I 25 5 Yellow and blue No nlativc motion 

11 ^ ^ 10 1921 7 I-^h V'^erj little relative motion 

8 1 3 2 1921 6 Do 


CANCER. N9I7 
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List of Double Stars— continued. 


Star and Constellation. 1 

Map. 

1920. 

R.A. Dec. 

Mags. I 

P.A. 

i 

Dist. 1 

Date. 

Observer 

Remarks. 

i 



h. m. 

o / 







S 2597 

— Aquilae ... 

33 

19 51-0 

- 6 57 

6-9, 8-0 

85-7 

1*4 

1900*9 

Gr. 

■ - 

S 2605 

Cygni 

22 

19 53-6 

4-52 13 

5-0, 7-5 

182 

3*4 

... 


Very little relative motion. Slight dimiimtion 











in cli.stance. 

OS 395 

16 Vulpeculae 

23 

19 58-6 

4-24 43 

5-8, 6-2 

105*1 

0*8 

1921*7 

Ph. 

— 

L 8337 

— Indi 


20 4-5 

-57 46 

6-5, 6-8 

227*9 

0*7 

1901 

C.O. 


’ S 2637 

0 Sagittae ... 

23 

20 6-4 

4-20 43 

6-0, 6'8 

327 

11*5 

... 


No relative motion. A distant companion of 











seventh magnitude. 


a CapricoiTii 

36 

20 13-6 

-13 2 

3*2, 4*2 

291 

376 



Inserted as a naked-eye pair. 


Sagittarii 


20 18-4 

-42 41 

5-7, 7*7 

195-1 

1*4 

1897 

c.o. 

— 

Russ. 321 

— Sagittarii... 

... 

20 21-7 

-37 40 

6-3, 8-5 

83-4 

1*3 

1902 

C.O. 

Binary. Motion slow. 


p Capricorni 

36 

20 24-3 

-18 5 

5*7, 7*1 

174 

2*8 

... 


Pale yellow and ruddy purple. 

' S 2695 

94 Vulpeculae 

23 

20 28-5 

4-25 32 

6-2, 8-0 

79*0 

1*0 

1913*6 

Gr. 

A binary. 

' p 151 

p Delphini ... 

23 

20 33-8 

4-14 19 

4*1, 5*4 

347*8 

0*6 

1921*7 

Lv. 

Rapid binary. 

S 2716 

49 Cygni 

22 

20 37-8 

4-32 1 

6-0, 8-1 

49-1 

2*6 

1916*2 

Gr. 

Yellow and blue. 

' S 2727 

Y Delphini ... 

23 

20 43-0 

4-15 51- 

4-0, 5-0 

270 

11 

... 


Gold and bluish-green. 

OS 413 

X Cygni 

22 

20 44-3 

4-36 12 

5-0, 6-2 

47*9 

0*6 

1921*7 

Ph. 

Test for seven-inch telescope. 

' Rximk. 26 

— Pavonis ... 


20 45-0 

-62 44 

5*8, 5*8 

93*9 

2*4 

1911 

C.O. 

— 

S 2729 

4 Aqnarii ... 

36 

20 47-0 

- 5 54 

5*9, 7*2 

336*2 

0*6 

1920*5 

Ait. 

Binary. Period, 15*2 years. 

S 2735 

— Aquarii ... 

36 

20 51-7 

4- 4 13 

6*2, 7*7 

286*0 

2*1 

1905*7 

Gr. 

Very little relative motion. 

S 2744 

— Aquarii ... 

36 

20 59-0 

4- 1 13 

6*3, 7*0 

157*6 

1*3 

1913*6 

Ph. 

- 

■ S 2745 

12 Aquarii ... 

36 

20 59-7 

-68 

5*6, 7*7 

190 

2*7 



Yellow and l)lue. No relative motion. 

L 8625 


... 

21 0-9 

-73 29 

5-8, 6-1 

134-4 

8*4 

1902 

C.O. 


: S 2758 

61 Cvgni 

22 

21 3-3 

4-38 21 

5*3, 5*9 

132*2 

24 • 1 

1920*7 

m. 

The lirst stellar system to have its parallax 

i 










determined (1838). Probably a physical 

1 


6 Indi 


21 14-2 

-53 47 

4*6, 7*1 

281-5 

4*8 

1911 

c.o. 


■ 

os 437 

- Cygni 

22 

21 17-5 

+ 32 7 

6-5, 7-2 

39*3 

1*8 

1912*3 

Gr. 




0^' Microscopii 

... 

21 19-3 

-41 21 

5*9, 6*2 

292*3 

1*0 

1900 

C.o. 

— 


Mel. 6 

— Microscopii 

... 

21 21-9 

-42 54 

5*6, 7*7 

145*8 

2*9 

1900 

C.O. 



S 2799 

— Pegasi 

11 

21 25-6 

+ 10 44 

6 • 6, 6 • 6 

288*7 

1*5 

1921*6 

Do. 

Ih*ol.)ably a slow binary. 


S 2804 

— Pegasi 

11 

21 29*3 

+20 21 

7*3, 8*0 

338*5 

3*1 

1921*6 

Do. 

Little relative motion. 


h 5278 

1 Octant is ... 


21 38-9 

-83 6 

5*4, 7*5 

71*7 

3*2 

1918*8 

La P. 


i 

S 2822 

[X Cygni 

22 

21 40-5 

+28 23 

4*0, 5*0 

136*4 

1*4 

1921*7 

Ph. 

Prol)iibly a 1.)inary. Yellow and Ijlue. 


S 2863 

5 Cepliei 

2 

22 1*4 

+ 64 14 

4*7, 6*7 

281*1 

7*0 

L)21 *6 

Do. 

Little relative motion. Pr6bal:)ly a slow- 

i 











l)imiry. Yellow and Idue. 


S 2878 

— Pegasi 

11 

22 10'5 

+ 7 35 

6*5, 8*0 

124*5 

1*2 

1902*5 

Gr. 

A slow binary. 

; 

S 2894 

— Lacertae ... 

6 

22 15-4 

+ 37 22 

6-0, 8*2 

193 

15*3 



No relative motion. White and l)lue. 


p 172 

51 Aquarii ... 

36 

22 19-9 

- 5 15 

5*6, 5*7 

349*6 

0*6 

1921*6 

Ait. 



S 2902 

— Lacertae ... 

6 

22 20-2 

4-44 57 

7*1, 8-0 

89 

6*3 



No relative motion. 


South 345 

53 Aquarii ... 

36 

22 22-3 

-17 8 

6*0, 6*5 

308*0 

6*2 1 

1911*8 

Gr. 




S Toucani ... 


22 21-7 

-65 22 

4-8, 8*1 

281 *() 

6*8 

1899 

c.o. 



S 2909 

Aquarii ... 

36 

22 24-7 

- 0 26 

4*0, 4*1 

303*8 

2*8 

1921*9 

Lv. 

Very line i)air. vSlow binary. 


S 2922 

8 Lacertae ... 

6 

22 32-3 

+ 39 13 

6*0, 6*5 

185*5 

22 



Fine multiple system. 


OS 483 

52 Pegasi 

11 

22 55-2 

+ 11 18 

6*2, 7*7 

238*3 

0*9 

1922*6 

Ph. 



1 

6 Gruis 


23 2'4 

-43 58 

4*4, 7*4 

40*5 

1*9 

1920*8 

La P. 



1 Dunlop24( 

j — Gruis 


23 2-6 

-51 8 

6-1, 6*6 

257*6 

8*0 

1909 

C.o. 



t S 2978 

— Pegasi 

11 

23 3*6 

+ 32 24 

6-8, 8*0 

146 

8*4 

... 


No relative motion. 


S 2998 

94 Aquarii ... 

36 

23 14*9 

-13 54 

5*2, 7*2 

347 

13*5 



Yellowish w'hite and blue. No relative motion.. 


os 500 

Androniedae 

10 

23 33*6 

+43 59 

6*1, 7*0 

333*0 

0*6 

1922*8 

Ait. 




0 Phoenicis... 


23 35*2 

-47 5 

6*3, 6*9 

271*2 

4*1 

1909 

C.o. 



A.G.Clark 












1 ■ 14 

78 Pegasi 

11 

23 40*0 

+28 58 

5*0, 8-1 

200*1 

1*5 

1911*3 

Gr. 



1 P 995 

— Andromedae 

10 

23 43*6 

+46 23 

6*5. 8*5 

239*7 

0*8 

1922*8 

Ait. 



1 S 3042 

~ Andromedae 

10 

23 47-8 

+37 27 

7*0, 7*0 

87*2 

4*9 

1906*8 

Gr. 

Little relative motion. 


1 S 3044 

— Pegasi 

11 

23 48*9 

+ 11 29 

6*9, 7*3 

282 

18*9 

1905*0 

Gr. 

Varia.tian in magnitudes reported. 


! S 3050 

— Andromedae 

10 

23 55*4 

+ 33 17 

6*0, 6*0 

227*9 

2*0 

1922*6 

Ph. 

A binary. 
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PART III 


ASTRONOMICAL SYMBOLS AND TABLES 


Stgm oj Zodiac 


Longitude 

o o 


r 

Aues 

0 - 30 

S 

Taurus 

30- 60 

II 

Gemini 

()0- 90 

s 

C ancei 

90-120 


Leo 

120-150 


Virgo 

150-180 




1 ongitude 



0 o 

-2= 

Libra 

180-210 

in 

Scorpio 

210-240 


Sagittarius 

240-270 

VJ 

C apricornus 

270-200 


Aquarius 

300-220 


Pisces 

320-360 


LEO MINOR. N9I8 
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O Sun 
D Moon 
? Mercury 
? Venus 
i or Earth 


Planets 

$ Mars 
^ Jupiter 
h Saturn 
W or Q Uranus 
^ Neptune 


Ceres 

Pallas, 

etc 

^ Comet 


Orbits, etc 

d Conjunction 
(? Opposition 
□ Quadrature 
^ Ascending Node 
^ Descending Node 
TC or tu Longitude of Perihelion 
TT or TT Parallax 
o> Arc from Node to Perihelion 
i Inclination to Ecliptic 
q Distance from Sun at Perihelion 
a Semi-major axis 
h Semi-minor axis 
e Eccentiicity 

<l> Angle whose sine = eccentricity 
II OT n Mean daily motion 
P Period of Revolution 
T Time of Perihelion passage 

E Epoch of Osculation, i e , the time at which, the elements have the assigned values 
or 6 True anomaly 
M Mean anomaly 
u or E Eccentric anomaly 
m Mass or Magnitude 
iR or R A or oc Right Ascension 
Decl or S Decimation 
N P D North Polar Distance 
E N P D Ecliptic Noith Polar Distance 
Z D Zenith Distance 
L or X Longitude 
p Latitude (celestial) 

(j) ,, (terrestrial) Geographical 

,, ( ,, ) Geocentric 

p Density 

R, r Distance from Sun of Earth and other body respectively 
A (sometimes p) Distance from Earth 
£ Obliquity of Ecliptic 

X, Y, Z Rectangular co-ordinates of Sun from Earth 

The axes ran (1) to First Point of Anes, (2) to point m Equator whose R A is 
6 hours, (3) to North Pole of Equator 
X, y, z Heliocentric rectangular co-ordinates of a body 
Geocentric rectangular co-ordinates of a body 
All distances in the Solar System are measured (unless the contrary is stated) in units 
of the mean distance of the Earth from the Sun 
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Thf Greek Alphabet 

a Alpha v] Eta v Nu t: Tau 

Beta 0 Theta ^ Xt u Upnlon 

Y Gamma i Iota o Omtcron p Phi 

S Delta X Kappa tc Pi i Chi 

s Epsilon X Lambda p Rho i}; Psi 

^ Zeta [X Mu cr Sigma co Omega 
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Astronomical Constants 

Solar Parallax g" gO 

Constant of Aberration 20" 47 

Moon’s Ec^uatorial Horizontal Parallax . 3422" 70 

Obliquity of Ecliptic 23° 27' 8" 26 — 0" 4684 [t - 1900) 

Mean distance Earth to Sun = 1 astronomical unit 

= 149,500,000 km = 92,900,000 miles 
Mean distance Earth to Moon—384,400 km = 238,860 miles =r 60 267 radii of the Earth 
Velocity of light in vacuo 299,860 km = 186,325 miles per second 


Light travels unit distance in 
Length of the year 

Tropical (Equinox to Equinox) 

Sidereal 

Anomalistic (Peiihelion to Perihelion) 

Length of the month 

Synodical (New Moon to New Moon) 

Tropical (Equinox to Equinox) 

Sidereal 

Anomalistic (Perigee to Perigee) 

Nodical (Node to Node) 

Length of the day 

Sidereal = 0 99726957 mean s(dar days = 23// 
Mean Solar =-= 1 00273791 sidereal days — 24/? 
Earth’s mean orbital speed 
Mean density of the Earth 

Dimensions of the Earth (Hayfcrd s Spl^roid, 1909) 
Equatorial Radius 
Polar Radius 

Flattening or ellipticity 

North Pole of Galactic Plane including branch 

Vertex of Star-streaming 

Solar Apex 

Solar Motion 

Sun’s Stellar Magnitude 

Sun’s Absolute Magnitude (at distance of 10 parsecs) 
Light ratio for one magnitude 


498 585 
d d 

365 242190 = 365 
365 256360 = 365 
365 259642 = 365 


= 8 nOm 
h m s 

5 48 46 0 

6 9 9 
6 13 53 


29 530588 == 
27 321582 = 
27 321661 = 
27 554550 = 
27 212220 = 


29 12 44 2 
27 7 43 4 
27 7 43 11 
27 
27 


13 18 33 1 
5 5 35 8 


56m 4 091s mean soiar time 
3m 56 555s ‘Sidereal time 

29 766 km = 18 496 miles per 

= 5 53 (water = 1) 


a = 6378 388 km 
b = 6356 909 km 


Light year 
Parsec 

Number of stais in the sky 
'5 0 
6 0 

7 0 

8 0 
9 0 


RA 


19 5 km 


2 512 


= 3963 34 miles 
— 3949 99 miles 
a — b 1 

a ^7 0 
12;? Urn Dec 26° 8 N 
R A 90° Dec" 12° N 
RA 270° Dec 34° N 
= 12 1 miles per second 
— 26 1m 
4 9?)i 

Log ratio 0 4000 


Brighter than 
phot mag 


9 463 X 10^2 km = 5 880 X 10^^ 

==- 63290 astronomical units = 0 3069 parsecs 
30 84 X 10^2 km = 19 16 x 10 ^^ 

= 206265 astronomu al units = 3 259 light years 
(Chapman and Melotte) 

689 


Number of square degrees in the sky 


2,715 

9,810 

32,360 

97,400 


Brighter than 
phot mag 


10 0 
11 0 
12 0 

13 0 

14 0 


271,800 
698,000 
1,659,000 
3,682,000 
7,646 000 
41,253 





ARTHUR COTTAM F R A ti (if/< 


0O9o«. 

/ /S Z Zfi J ^ 4S S JiS 6 (jS 























922 


Splendour of the Heavens 


Dimensions of Sun, Moon and Planets 



Semidiameter 











Name 

at mean 

Diameter in 

Mass 


Density 


Volume 

Surface 

Dist¬ 

Opp’sit’n 

Kilo¬ 

Miles 

II 

0 




Water 

© = 1 

gravity 


ance 

distance 

metres 

© = 1 

© 

= 1 

= 

= 1 


© = 1 


// 

// 

_ 


~ 1 ~ 








Sun 

959 63 

— 

1391000 

864000 

— 

333432 

0 

26 

1 

42 

1300000 

28 0 

Moon 

932 58 

— 

3476 

2160 

27158000 

0 0123 

0 

60 

3 

34 

0 0203 

0 16 

Mercury 

3 34 

5 45 

4800 

3000 

9000000 

0 037 

0 

68 

3 

73 

0 055 

0 2 

Venus 

8 41 

30 40 

12200 

7600 

403490 

0 826 

0 

94 

5 

21 

0 876 

0 90 

Earth (Eq'l) 

8 80 

,—, 

12757 

7927 

j-329390 







fl 00 

Earth (Polar) 

8 77 

— 

12714 

7900 

1 000 

1 

00 

5 

53 

1 000 

ll 00 

Mars 

3 07 

8 94 

6800 

4200 

3093500 

0 108 

0 

71 

3 

95 

0 151 

0 38 

Jupiter (Eq'l) 

18 93 

23 43 

142700 

88700 

j‘1047 35 

318 4 






/2 64 

Jupiter (Polar) 

17 67 

21 87 

133200 

82800 

0 

24 

1 

34 

1312 

12 67 

Saturn (Eq’l) 

8 72 

9 76 

120800 

75100 

j-3501 6 







ri 13 

Saturn (Polar) 

7 81 

8 73 

108100 

67200 

95 2 

0 

12 

0 

69 

763 

U 15 

Uranus 

1 78 

1 88 

49700 

30900 

22869 

14 6 

0 

25 

1 

36 

59 

0 96 

Neptune 

1 21 

1 26 

53000 

33000 

19314 

16 9 

0 

24 

1 

30 

72 

0 98 


Fixed Elements of the Planetary Orbits 


Name 

Me in Dis 

Astronom¬ 
ical Units 

tance ^ 

Millions 
of Miles 

Sidereal 
Period in 
Tiopical 
Years 

Sideieal 
Mean Daily 
Motion 

Synodic 
Period in 
Days 

5 Mercury 

0 387099 

36 0 ! 

0 2408 

14732 420 

115 88 

9 Venus 

0 723331 

67 2 1 

0 6152 

5767 670 

583 92 

® Earth 

1 000000 

92 9 1 

1 0000 

3548 193 

_ 

S Mars 

1 523688 

141 5 1 

1 8809 

1886 519 

779 94 

Jupiter 

5 202803 

483 3 i 

1 

11 8622 

299 128 

398 88 

h Saturn 

9 538843 

886 1 

29 4577 

120 455 

378 09 

y Uianus 

19 190978 

1782 8 

84 0153 

42 23 

369 66 

^ Neptune 

30 070672 

2793 5 

i 164 7883 

21 53 

367 49 


Period of 
Axial Rotation 


m (?) 

22M (?) 

23h 56w 4 
24h 61m 22 
9A 50 5w ± — 
9/i 55 Im ± [see 
Chapter VIII) 
lO;^ 14w 24s (Lr/7) 
About lOJ/z 
About 1th 


Elements for the Epoch 1922 January 0 0 


Name j 

Eccentricity 

Inclination 
to the 
Ecliptic 




Mean Longitude 


le Epoch 

of the Ascending 
Node 

I of the 

Perihelion 

at tl' 




0 

r 

// 

1 

/ 

ff 

0 

/ 

n 

0 


// 

5 Mercury 

0 

205619 

7 

0 

12 

47 

24 

24 

76 

14 

31 

300 

25 

42 5 

? Venus 

0 

006810 

3 

23 

38 

75 

58 

39 

130 

28 

25 

256 

11 

33 4 

0 Earth 

0 

016742 


— 



— 


101 

35 

57 

99 

22 

22 9 

c? Mars 

0 

093333 

1 

51 

1 

48 

57 

22 

334 

37 

23 

184 

39 

34 0 

U Jupiter 

0 

048374 

1 

18 

27 

99 

39 

37 

13 

3 

57 

185 

59 

41 2 

h Saturn 

0 

055814 

2 

29 

29 

112 

58 

32 

91 

31 

11 

175 

43 

13 8 

lil Uranus 

0 

047106 

0 

46 

22 

1 

36 

3 

169 

24 

3 

337 

56 

6 7 

V Neptune 

0 

008547 

1 

46 

38 

130 

55 

15 

43 

56 

53 

133 

23 

32 1 
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Special showers f Probable good displays n = Average hourly number of meteors visible from aU the acti\e showers, to any one observer, on a dear moonless night 
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PuLKO\o Me\n Refractions 
Bai , 29 5 m \ttaclicd and E'vlciu<il rhcrmomeitrs, 5()‘" F 


App 

Mean 

App 

IMeaii 

App 

]\rcan 

App 

Mean 

App 

Mean Re- 

Alt 

Refraction 

Alt 

Re fi action 

Mt 

Rt fi action 

Alt 

Ref 1 action 

Alt 

fi action 

o 






- 

/ 

// 

> 

/ 

// 

p 


0 


51 

10 

5 

n 

20 

2 

30 

30 

1 

39 

45 

57 

1 

2^ 

5^ 

11 

1 

i() 

21 

2 

28 

31 

1 

35 

50 

18 

2 

17 

55 

12 

1 

2^ 

22 

2 

21 

?2 

1 

31 

55 

40 

3 

14 

7 

11 

i 


2i 

2 

14 

33 

1 

28 

00 

33 

4 

11 

31 

11 


15 

21 

2 

8 

31 

1 

25 

05 

27 

5 

9 

40 

15 


fO 

25 

2 

2 

U) 

1 

19 

70 

21 

() 

8 

19 

lb 


17 

2() 

1 

57 

38 

1 

13 

75 

15 

7 

7 

15 

17 

3 

5 

27 

1 

52 

40 

1 

8 

80 

10 

H 

() 

20 

18 

2 

54 

28 

1 

17 

42 

1 

3 

85 

5 

() 

5 

1() 

19 

2 

14 

29 

1 

13 

44 

0 

59 

90 

0 


Ihe ibovctibk shows tlu imounts by which tht ippircnt iltiUuU ol i st ir is inert xs( <1 by the be ndmji of its liKht m the I-nth’s itniosphert 
The effect is gieitest on tlu hoii/oii (z e, iltitudc 0«) ind is /tio it the /enith When i st n is ou tlu iiuruliin, refnution ifli ets only its 
Decimation Huis, foi mst nice, n 1 ititude'i2‘ N.wluietht lUitudt of i st ir on llic ttiiialoj is 38°, wt see lioiii tin tiblt that its app m iit 
altitude IS iiicieised by 1'li , md the Dtclin itioii Circk ol i peiftt tly idpistt d oiiiutoii il should indic ate this txt ess ovti the line Dechii iliou 
when the stir is centi d in tin lu Id, ind is ciossing tht mtudun 
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THE IMPORTANT ECLIPSES OF THE NEXT 50 YEARS, 1925 TO 1974 

All echpses visible in the British Isles are included, and the more important of those of Sun visible elsewhere 

G B stands for Great Britain 


Body- 

Eclipsed 

Total 

or 

Partial 

Date 

Approx¬ 

imate 

Green¬ 

wich 

Time 

Description 

Sun 

Total 

1925, Jan 24 

4pm 

Total in N E portion of U S A Almost total in Hebrides 
Large throughout G B about sunset 

Moon 

Partial 

Feb 8 

10 p m 

f eclipsed Visible G B 

Sun 

Total 

1926, Jan 11 

6am 

Total Amirante Islands, Sumatra, Borneo Invisible G B 

Moon 

Total 

1927, June 15 

8pm 

Latter portion visible G B 

Sun 

Total 

,, June 29 

6am 

Total across England, Norway, etc See maps, pp 229, 763 

Moon 

Total 

,, Dec 8 

6pm 

All except beginning visible G B 

Sun 

Partial 

1928, Nov 12 

9am 

^ eclipsed in G B 

Moon 

Total 

,, Nov 27 

9am 

Beginning of eclipse visible G B lust before sunrise 

Sun 

Total 

1929, May 9 

6am 

Total Sumatra, etc , invisible G B 

Sun 

Annular 

,, Nov 1 

Noon 

^ eclipsed in G B Annular Sierra Leone, etc 

Sun 

Ann Tot 

1930, April 28 

7 p ra 

Very short totality N America Invisible G B 

Moon 

Partial 

„ Oct 7 

7pm 

Very small eclipse on N edge of Moon Visible C» B 

Moon 

Total 

1931, April 2 

8pm 

Visible G B Begins about sunset 

Moon 

Total 

,, Sept 26 

8pm 

Visible G B Begins about sunset 

Sun 

Total 

1932, Aug 31 

8 p ra 

Total Eastern Canada Invisible G B 

Moon 

Partial 

,, Sept 14 

9pm 

Almost total Visible G B 

Moon 

Partial 

1934, Jan 30 

5pm 

Very small eclipse Moon rises eclipsed G B 

Sun 

Total 

„ Feb 14 

lam 

Total Borneo, etc Invisible G B 

Moon 

Total 

1935, Jan 19 

4pm 

Middle and end visible G B 

Moon 

Total 

M July 16 

5am 

Only beginning visible G B 

Seven eclipses—5 Sun, 2 Moon—m 1936 Gieatest number 
possible 

Moon 

Total 

1936, Jan 8 

6pm 

Visible G B Begins soon after sunset 

Sun 

Total 

,, June 19 

5am 

i Sun eclipsed in G B Total Constantinople, etc 

Sun 

Total 

1937, June 8 

9pm 

Invisible G B Total Pacific and S America 

Moon 

Total 

1938, Nov 7 

10 pm 

The next really favourable total lunai eclipse m G B All the 
preceding ones are rather low down 

Sun 

Annular 

1939, April 19 

5 p ra 

i eclipsed in G B Annular near North Pole 

Moon 

Total 

,, Oct 28 

7am 

Beginning and middle visible G B 

Sun 

Total 

1940, Oct 1 

1pm 

Total Brazil, S Africa Invisible G B 

Sun 

Total 

1941, Sept 21 

5am 

Total Caspian, China, etc Invisible G B 

Moon 

Total 

1942, March 2 

11pm 

Favourably visible in G B 

Moon 

Total 

,, Aug 26 

4am 

Visible in G B except end 

Sun 

Partial 

,, Sept 10 

4pm 

} eclipsed in G B 

Sun 

Total 

1943, Feb 4 

11 p m 

Invisible G B Total Japan, etc 

Moon 

Partial 

„ Feb 20 

Gam 

eclipsed Visible in G B Low down at end 

Moon 

Partial 

,, Aug 15 

7pm 

eclipsed Middle and end visible G B 

Sun 

Total 

1944, Jan 25 

3pm 

Invisible G B Total Brazil, Gold Coast, etc 

Sun 

Total 

1945, July 9 

1pm 

1 eclipsed G B Total Norway, etc , map, p 229 

Moon 

Total 

,, Dec 19 

2am 

Favourably visible in G B 

Moon 

Total 

1946, June 14 

7pm 

End visible in G B 

Moon 

Total 

,, Dec 8 

6pm 

Visible in G B Low down at beginning 

Sun 

Total 

1947, May 20 

2pm 

Invisible G B Total Brazil, Central Africa 

Sun 

Total 

1948, Nov 1 

6am 

Invisible G B Total Zanzibar, Madagascar, etc 

Moon 

Total 

1949, April 13 

4am 

Visible in G B except end 

Sun 

Partial 

„ April 28 

8am 

J eclipsed in G B 

Moon 

Total 

„ Oct 7 

3am 

Favourably visible in G B 
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The iMPORPANa Eclipses of ihi Next 50 Years, 1926 to mAr-coniinued 


Body 

Eclipsed 

Total 

or 

Partial 

Date 

Approx¬ 

imate 

Green¬ 

wich 

Time 

Moon 

Total 

1950, April 2 

9pm 

Moon 

Total 

,, Sept 26 

4am 

Sun 

Annular 

1951, Sept 1 

1pm 

Moon 

Partial 

1952, Feb 11 

lam 

Sun 

Total 

„ Feb 25 

9am 

Moon 

Partial 

„ Aug 5 

8pm 

Moon 

Total 

1953, Jan 29 

11pm 

Moon 

Total 

1954, Jan 19 

2am 

Sun 

Total 

,, June 30 

Noon 

Moon 

Partial 

,, July U) 

1 a m 

Sun 

Total 

1955, June 20 

4 a in 


Descuption 


Visible in G B X^ow down at beginning 

Visible in G B Low down at end 

Small partial eclipse in G B Annulai N W Afiica, etc 
iV of Moon eclipsed Favourably visible (r B 
,'o eclipsed in G B Total Cential Afiica. Uppci Pgypt 
i of Moon eclipsed End visible m G B 
favourably visible in G 13 
Bavouiably visible in G B 

Total Labradoi, Norway, Russia Laigc eclipse in (* B 
be just total in Unst, Shctlands 
of Moon eclipsed Visible Cx H 

Invisible (, B lotal Ceylon, Suirn, cU llus is a iccoid 
totdlily foi length Ovin 7 minutes m J>lnh])pints 


May 



JLt£Witudat 
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The Important Eclipses of the Next 50 Years, 1925 to 1974 —continued 


Body 

Eclipsed 

Total 

01 

Partial 

Date 

Approx¬ 

imate 

Green¬ 

wich 

Time 

Desciiption 

Moon 

Partial 

1955 Nov 29 

5pm 

* of Moon eclipsed Visible G B , low down 

Moon 

Total 

1956, Nov 18 

7am 

Beginning and middle, visible G B 

Moon 

Total 

1957, May 11 

11pm 

Favoiiiably visible in G B 

Moon 

Partial 

1959, Mar 24 

8 p m 

J of Moon eclipsed, visible G B 

Sun 

Total 

„ Oct 2 

1pm 

\ eclipsed G B Total Northern Africa 

Sun 

Total 

1961, Feb 15 

8am 

Ft) eclipsed G B soon aftei suniise Total S Fiance, Itah, etc 

Moon 

Total 

„ Aug 26 

3am 

Visible G B 

Sun 

Total 

1962, Feb 5 

lam 

Invisible G B Total New Guinea, etc 

Moon 

Partial 

1963, July 6 

10 p m 

f of Moon eclipsed Visible G B 

Sun 

Total 

July 20 

9pm 

Invisible G B Total Canada, etc See map p 229 

Moon 

Total 

1961, June 25 

lam 

Visible G B 

Moon 

Total 

, Dec 19 

3am 

Favourably visible G B 

Moon 

Paitial 

1965, June 14 

2am 

of Moon eclipsed Visible G B 

Sun 

Ann Tot 

1966, May 20 

10 am 

\ eclipsed G B Total for few seconds m Gieeec, etc 

Moon 

Total 

1968, April 13 

5am 

Beginning visible in B , low down 

Sun 

Total 

„ Sept 22 

11am 

\ eclipsed G B Total Nova Zcmbla, etc 

Sun 

Total 

1970, Mar 7 

6pm 

Invisible GB except West of Iieland Total Mexico, Idoi da, 

Moon 

Partial 

„ Aug 17 

3am 

etc 

^ of Moon eclipsed Visible G B 

Moon 

Total 

1971. Feb. 10 

Bam 

Beginning visible G B , low down 

Sun 

Partial 

„ Feb 25 

10 a m 

1 eclipsed G B 

Moon 

Total 

,, Aug () 

8pm 

Middle and end visible B , low down 

Sun 

Total 

! 1972, July to 

8pm 

1 eclipsed G B at sunset Total Hudson’s Ba} , S E C aiuida 

Sun 

Total 

1973, June 30 

Noon 

Total N Africa for 7 minutes Paitial in biancc but not in (x B 

Moon 

Partial 

,, Dec 10 

2am 

of Moon eclipsed Visible G B 

Sun 

Annular 

,, Dec 24 

3pm 

\ eclipsed GB just before sunset Annular Bnuil, etc 

Moon 

Partial 

1974. June 4 

10 p m 

of Moon eclipsed Visible G B 

Moon 

• 

Total 

,, Nov 29 

3pm 

End visible G B , low down 

1 


FURTHER TOTAL ECLIPSES OF SUN IN BRITISH ISLES 

1999, August 11, 11 am, total Cornwall, very favourable (map, p 229) , 2090, September 2^1, 
south coast of Ireland and England, low Sun , 2135, October 7 (low Sun) , 2142, May 25, total at I)o\Lr , 
2,151, June 14, total right across England, 2,160, June 4, total m S W of Ireland, 2,189, November 8, 
total soon after sunrise , 2200, April 14, total from Belfast to Hartlepool From this point I simply 
grve the year 2381, 2426, 2442, 2545, 2600, 2681, 2817, 2864, 2911 (Shetlands), 2927, 2972 This 
gives on the average about one eclipse of Sun in 62 years total in British Isles About 38 partial 
eclipses of Sun are visible there in a century 






1 

2 


Spcttuim of Uit Sun D « k lints m unly dut t« ubsoiptlon by nu t lUic 
vipouis in the biiim itmo phtrt 


Sptttuimof Sinus llydiojiuilines at C Fand H-y stioij« indbioad 
A few inaulit Hues shown ' 


s bpLctium of (l Oiloins Ihc biou! binds oi Hutii 

shaip tou nils the \lolct ut due to lltinlum oxide ibsoiption 

4 Spcauun of Nov i Cygnl 1876 Dec 8 lit lints clue to hydi of 
md othei ekments 


•? Spittiiun of ITi imis The lumw liiu Helm to ulh tied suulWiU tk 
bio Id bands to ibHoipticm by leasts in tlu phuut's ilmosphtu 

0 Speetium of a Comet llilRht bands chic to eubon monoxide 

7 bptehum of Hit Auioi i Most of the hi ifthl lines me due to mtioittn 
The most promhu nt itiei u lint Is of unknown rlrthi 


8 Speeluun of tlu Oiion Nebnli Ihkht llmt of hydroficn at wave 
U uftlh 4861 incl Ntbiiimm it w.ive huRth 4959 and 5007 


N B -In 


compaung the above with photof$raphie spteti i It must bt itmcmlurcd that m tht Uttei aeeoiding to the modti 

reel end ol the sptthiun is on the light 


n convention, tlie 
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a Anclromedae 

* f 

AqUiiiu 

(3 .. 

T 

S 

^ a Aqiulao 

P .. 

T 

a ‘\igus 

c/ \nctis 

fi . 


FROPER NAMES OF STARS 
(See also Chapter XVII) 


Alpheratz, Strrah 
Mirac, Mirach, Mtzar 
Aimak, Almach 
Sadalmehk, Sadlamulk 
Sadahud, Sadalsund 
Sadachhta 
Skat, Sheat, Scheat 
Altair, AtaiY 
Alsham, Alshatrn 
Tara zed 
Canopus 
Hamal 
ShcHita)!, Sha)aiain 


Y Anetis 
a Aungae 

p .. 

a Bootis 

e „ Izar, 

a Canum Venaticorum 
a Cams Majons 

P „ 

s 


Mesarthzm, Mesarhm 
Capella ' 
Menkahnazi 
Arcturus t 
Nekkar 

Mzrac, Mzrach, Mtzar, 
Pulchernma 
Muphnd 
Alkalurops 
Cor Carolt 
Strtus 
Mtrzam 
A dm a 
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PRONUNCIATIONS AND MEANINGS OF NAMES OF STARS AND CONSTELLATIONS. 

1. Staes. 


Name. 



Pronunciation. 

Meaning. 

Achernar 




... 

ak^-er-nar 

End-of-tlie- Riv er 

Aldebaraa 





al-deb-ar-4n. 

The Hindmost 

Altair 





al-tair'. 

— 

Antares 





an'-ta-rez . 

Rival of Ares (Mans) 

Arcturus 





ark-tu'-rus . 

— 

Bellatrix 





beP-la-trix 

The Female Warrior 

Betelgeuze ... 





bet'-el-jooz . 

The Arm-Pit 

Canopus 





can-o'-pus . 

— 

Capella 





ca-pel'-la . 

Little Shc-Goat 

Beneb. 





den'-eb . 

— 

Beixebola ... 





de-neb'-o-la ... 

The Lion’s Tail 

Bomalliaut ... 





fom'-al-bowt 

The Fish’s Mouth 

Hyades 





M'-a-dez . 

The Rainy Ones 

Pleiades 





ply'-ad-ez . 

— 

Pollux 





pol'-lux 

— 

Praesepe 





pre-se'-pe . 

The Bee-hive 

Procyoix 





pro'-se-on 

Precursor of the Dog 

Beg-ulus 





reg'-u-lus . 

The Ruler 

B.igel. 





ri'-gel or ri-jel . 

— 

Sirius ... ... 





sy'-re-us .• 

The Sparkling One 

Spica 





spi'-ka .. 

The Ear of Wheat 

Yega. 




... 

ve'-ga . 

— 





2. Constellations. 


Aadromeda ... 




... 

au-drom'-e-da . 

The Chained Woman 

Antinous 





ant-in'-o-us . 


Aquarius 





a-kwa'-ri-us ... . 

The Water-bearer 

Aquila 





ak'-wi-la . 

The Eagle 

Ara . 






The Altar 

Argo Navis ... 





ar'-go-nav'-is. 

The Ship Argo 

Aries. 





ar'ry-eez . 

The Ram 

Auriga 





aw-ri'-ga . 

The Charioteer 

Bootes 





bo-o'-tez ' 

The Herdsman 

Cancer 





can'-ser . 

The Crab 

Canes Venatici 





can'-es ven-at'-i-si . 

The Blunting Dogs 

Canis Major ... 





can'-is ma'jor . 

The Greater Dog 

Canis Minor ... 





can'-is mi'nor . 

The Lesser Dog 

Capricomus ... 





cap'-ri-kor'-nus . 

The Goat 

: Cassiopeia 





cas'-si-o-pe'-ya . 


i Ceutaurus 





cen-taw'-rus. 

The Centaur 

Cepheus 





se'-fe-us . 

- 

Cetus ... 





se'-tus ... . 

The Whale 

Coliimba 





col-um'-ba . 

The Dove 

Coma Berenices 





co'ma ber-e-ni'-ses . 

Berenice’s Hair 

Corona Borealis 





co-ro'-ua bo-re-a'-lis. 

The Northern Crown 

Corvus 





cor'-ws . 

The Crow 

Crater 





cra'-ter . 

The Cup 

5 Crux. 





krux. 

The Cross 

Cygnus 





sig'-nus 

The Swan 

1 Delphinus 





del-fi^-nus . 

The Dolphin 

Dorado 





ddr-a'-do . 

The Gold-fish 

1 Draco 





dra'-co. 

The Dragon 

Eridanus 





e-rid'-a-nus . 

The River Eridanus 

Gemini 





jem ”i~ui ... ,,, 

The Twins 
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Constellations— 


Gras ... 

Hercules 

Hydra 

Hydras 

Indus . 

Leo 
Lepus 
Libra ... 

Lupus 
Lynx 
Lyra ... 

Musca... 

Monoceros 

Octans 

Ophiuchus 

Orion. 

Pavo. 

Phoenix 

Piscis Australis 

Pegasus 

Perseus 

Pisces 

Sagitta 

Sagittarius ... 
Scorpio 

Scutum Sobieskii 

Serpens 

Taurus 

Telescopium ... 
Triangulum ... 
Toucanus 
Ursa Major ... 
Ursa Minor ... 
Virgo 
Volans 

Vulpecula et Anser 


Pronunciation. 

Meaning. 

grus . 

The Crane 

her'-kudez . 

_ 

hi'dra . 

The Water-snake 

liU-dras . 

The Serpent 

ind'-us ... . 

The Indian 

le'-o . 

The Lion 

lep'-us . 

The Hare 

li'-bra. 

The Scales 

lu'-pus . 

The Wolf 

— 

The Lynx 

li'-ra . 

The Lyre 

inus"-ca . 

The Fly 

mon-os'-er-os. 

The Unicorn 

oct'-ans . 

The Octant 

ofi'-i“U'-kus . 

The Serpent-holder 

o-ri'-on . 

The Warrior 

pa'-vo. 

The Peacock 

f e'-nix.. 

— 

pis'-sis aus-tra'-lis . 

The Southern Fish 

1 pe'ga-sus . 

The Winged Horse 

1 per'-suse or per'-se-us 

— 

1 pis'-sez . 

The Fishes 

sa-jit'-ta . 

The Arrow 

1 sa-jit-ta'-ri-us. 

The Archer 

skdr'-pi-o . 

The Scorpion 

1 scu'-tum sob-i-esk'-i-i 

— 

ser'-pens .. 

The Serpent 

tau'-ras ... . 

The Bull 

tel-es-cop'-i-um . 

The Telescope 

tri-an'-gu-lum i . 

The Triangle 

tu'-can-us . 

The Toucan 

ur'-sa ma'-jor . 

The Greater Bear 

ur'-sa mi'-nor . 

The Lesser Bear 

ver'-go ... . 

The Maiden 

voT-ans . 

The Flying Fish 

vul-pec'-u-la. 

The Fox and Goose 


STELLAR MAGNITUDES AND SPECTRA. 


In this table are given examples, where possible, of stars representing every tenth of a magnitude 
down to Q-Om. The magnitudes are visual {see Chapter XV), as determined photometricaUy at 
Harvard, and are given to the nearest 0-lm. In addition, the spectral type of each star is recorded, 
and a comparison of the list with the tints of the several stars as seen in a telescope (preferably a 
reflector) will demonstrate to the observer the close relation existing between colour and spectral 
type {see Chapter XII). Generally speaking, the M stars appear of an orange-red to pure orange 
colour ; the K stars orange to deep yellow ; the G stars yellow to yellowish white ; the F stars yellowish 
white to nearly pure white; the A stars pure white ; and the B stars a somewhat bluish white. 


Mag. 

-1-6 

Star. 

Sirius 


Spectral Type. 
Ao 

-0-9 

Canopus ... 


Fo 

0-1 

Vega 


Ao , 

0-2 

Capella 


Go 

0-3 

Rigel 


B8 

0-5 

Procyon ... 


F5 

0-6 

Achernar ... 


B5 


Mafe. 

0-9 

Star. 

Altair 


Spectral Type. 
A5 

M 

Aldebaran 


... E5 

1-2 

Spica 


B2 

1-3 

Fomalhaut 


A3 

1-5 

P Crucis ... 


B1 

1-6 

Castor 


Ao 

1-7 

Y Orionis ... 


B2 
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Stellar Magnitudes and continued, 


Mag 

Star 

spectral Type 

Mag 

Star 

Spectral Type 

1 8 

P Tauri 

B8 

4 0 

S Ceti 

B2 

1 9 

a Persei 

F5 

4 1 

p Leoms 

Ko 

2 0 

p Cams Majons 

B1 

4 2 

[ji Eridani 

B5 

2 1 

Polaris 

F8 

4 3 

T Virgims 

A2 

2 2 

a Andromedae 

Ao 

4 4 

0 Virgims 

Ao 

2 3 

Y Cassiopeiae 

Bo 

4 5 

u Leoms 

Ko 

2 4 

p Cassiopeiae 

F5 

4 6 

iz Virgims 

A3 

2 5 

S Ononis 

Bo 

4 7 

X Leoms 

Fo 

2 6 

S Leonis 

A2 

4 8 

p Aquarii 

A3 

2 7 

(3 Arietis 

A5 

4 9 

7z Leoms 

Ma 

2 8 

S Cassiopeiae 

A5 

5 0 

p Virgims 

Ao 

2 9 

'C Persei 

B1 

5 1 

CO Aquilae 

A5 

3 0 

£ Persei 

B1 

5 2 

cf) Pegasi 

Ma 

3 1 

Y Persei 

F5 

5 3 

X Aqiiarii 

Ao 

3 2 

p Geminorum 

Ma 

5 4 

X Fornacis 

F5 

3 3 

6 Ursae Majoris 

F8 

5 5 

7] Cancri 

Ko 

3 4 

S Ursae Majoris 

A2 

5 6 

Piscium 

A5 

3 5 

S Geminorum 

Fo 

6 7 

0 Anetis 

Ao 

3 6 

P Bootis 

G5 

5 8 

96 Aquarii 

Fo 

3 7 

7] Piscium 

G5 

5 9 

32 Librae 

Ko 

3 8 

(3 Virgmis 

F8 

6 0 

44 Piscium 

G5 

3 9 

[jt Andromedae 

A2 





THE NEAREST STARS 


Star 

R A 
1925 0 

Dec 

1925 

0 

l^ar- 

allax 

Distance 

Magnitude 

Lumin¬ 

osity 

Sun=l 

Annual 

PM 

Spec- 

lium 

Light 

Years 

Par¬ 

secs 

Vis 

Abs 


h 

m 

0 

/ 

// 










'— 

Pioxjma CcnUiuii 

14 

24 

6 

62 

22 

0 79 

1 

1 

1 

2 

11 0 

15 5 

0 

0001 

3 85 


Cent aim 

14 

34 

5 

-GO 

32 

0 7() 

4 

3 

1 

3 

0 3 

4 7 

1 

3 

3 68 

C»() 

Municli 15040 

17 

54 

2 

+ 4 

29 

0 53 

6 

2 

1 

9 

9 1 

13 0 

0 

0005 

10 29 

Mb 

Lalande 21185 

10 

59 

2 

+ 36 

28 

0 41 

7 

9 

2 

4 

7 6 

10 7 

0 

0054 

4 78 

Mb 

Sums 

6 

41 

8 

-lb 

37 

0 38 

8 

6 

2 

6 

-1 6 

1 3 

30 


1 32 

Ao 

Anonymous 

11 

13 

1 

-57 

10 

0 34 

9 

6 

2 

9 

12 

15 

0 

0001 

2 69 


Cordoba V’* 243 

5 

8 

7 

-44 

59 

0 32 

10 

2 

3 

1 

9 2 

11 7 

0 

0022 

8 75 

K2 

T Ceti 

1 

40 

6 

- 16 

20 

0 32 

10 

2 

3 

1 

3 6 

6 1 

0 

35 

1 92 

Ko 

s Endani 

3 

29 

4 

- 9 

43 

0 31 

10 

5 

3 

2 

3 8 

6 3 

0 

31 

0 97 

Ko 

Procyon 

7 

35 

4 

+ 5 

25 

0 30 

10 

9 

3 

3 

0 5 

2 9 

7 

0 

1 24 

F5 

Oil Cygni 

21 

3 

5 

+38 

23 

0 30 

10 

9 

3 

3 

5 6 

8 0 

0 

064 

5 27 

K5 

Lacaille 9352 

23 

1 

0 

-36 

17 

0 29 

11 

2 

3 

5 

7 4 

9 7 

0 

013 

6 90 

Ma 

Pos Med 2164 

18 

41 

9 

+59 

31 

0 29 

11 

2 

3 

5 

8 8 

11 1 

0 

0036 

2 31 

MI) 

e Indi 

21 

57 

6 

-57 

6 

0 28 

11 

6 

3 

6 

4 7 

6 9 

0 

17 

4 69 

K5 

Gioombiidge 34 

0 

14 

1 

+43 

36 

0 28 

11 
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ANGULAR MEASURE. 

When, as in astronomical obseivations, -we are dealing with objects that are inaccessible and 
situated at various distances from us, we are primarily concerned with their apparent (or angular) 
rather than with their actual (or linear) dimensions Of course, the latter are readily deducible from 
the former when the distances of the objects are known , but, for the purpose of descnbing the appear¬ 
ance as presented to the observer, we must obviously employ some system that is independent of 
any exact knowledge of the realities concerned Hence the system of angular measure, which is so 
independent, is umversaUy adopted for descnptive purposes in Astronomy and allied Sciences The 
prmciple of angular subtense is illustrated by the simple diagram on page 462 Such a diagram, 
however, will not alone suffice to convey to the reader what an angle of one degree actually “ looks 
hke,” since the two stars there shown are only seen separated by that amount from the point of view 
of an imaginary observer placed at the point of mtersection of the two lines, or from other points at 
exactly the same distance from the two stars, and Ijnng m a plane at nght angles to the line bisecting 
them A much better idea of the appearance of various angles (which are reckoned as arcs of a " great 
circle ) as projected on the sky can be obtained by observing and memonsmg the apparent distances 
between certam well-known stars After a httle practice, the observer will find that he can estimate 
angles with considerable precision, and the expenence thus gained will prove valuable if at any time 
he requires to describe to others his impressions of, say, the length of a meteor trail or comet’s tail, 
or the apparent width of the base of the Zodiacal Light Not infrequently such statements as “ The 
meteor looked about six feet long ” or " passed about two inches below the Moon,” occur 

in reports pubhshed in the Press or sent to astronomers Descriptions hke these may mean something 
to those who wnte them, but they are qmte umntelhgible to anyone else, and utterly unscientific 
If an observer must speak in terms of hnear measure, through inexperience of the angular system, he 
should always mdicate at what distance from the eye the scale used is imagined to be Thus the 
expression as long as a foot-rule at arm’s length ” may quite legitimately be used, though it is better 
to learn the more orthodox method 

Below are given examples of angles of vanous size, which wiU serve as standards for the estimation 
of apparent distances in the sky: 

All round the horizon 

East to West, along horizon or through Zenith 
Honzon to Zenith 

(about) (X Ursae Majons to p Cassiopeiae 

» Polans to p Cassiopeiae. 

« a to p Ononis 

» a to p Andromedae 

" a to S Onoms, p to S Leonis 

» a to p Ursae Majons, a to p Cassiopeiae 

” a to p Geimnorum, a to p Cams Minons 

» P to S Scorpu 

» oc to p Aquilae 

j ” P to Y Lyrae, a to y Aquilae, p, to rj Geminorum 

’ » P to Y Anetis, v to ^ Ursae Majons 

” Atlas to Electra Pleiadum A half-pciiny (one 

^ inch) at 4 ft 9 ms distance 

” •• • Diameters of Sun and Moon A half-penny at 

9 ft 6 ms 

Pleione to Atlas Pleiadum 
to Ljuae 


360 ' 

ISO® 

90 “ 

60 “ 

30 “ 

20 “ 

16 “ 

10 “ 

6 “ 

4 “ 

3 “ 

2i' 

2 “ 

1 “ 


6 ' 


Few unaided eyes are able to distmgmsh separately any two stars that are less than about 3’ apart 
For details of smaEer angles than this, necessarily appreciable only with a telescope, reference must 
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be made to the tables giving the angular diameters of the planets and the separations of double stars 
It will be recollected that 1° = 60', and 1' = 60" One minute of arc is the angle subtended by a 
half-penny at a distance of 95 yards The same com would have an apparent diameter of one second 
of arc at SJ miles 

^ Jis :1c 

Diameter of Telescopic Field 

For estimating small angular distances, and for other purposes, it is often desirable to know the 
diameter of the field of view of different eye-pieces This can easily be found by noting the time 
taken by an equatorial star in crossing centrally thiough the field Since the Earth makes a complete 
rotation, through 360°, in 24 hours, it follows that a point on the Celestial Equator (which is a “ great 
circle ) will appear to traverse an arc of 15° every hour, 15' every minute, or 15" every second All 
that IS necessary then, is to select some star that is on oi very near the Equator (such as S Ononis 
or ^ Virgims), and so point the telescope that the diurnal motion will cany it centrally across the 
field The times of entry and exit are noted, and these give the interval required If we multiply 
this interval, reckoned in minutes and seconds of Ume^ by 15, we obtain the diameter of the field in 
minutes and seconds of arc For example, if the time of transit were Im Zs the diameter of the held 
would be 15' 45", and so on 

* * * * sie 

KOTE ^Much of the tabular matter in this Section, has been taken fiom the Handbook of the British Astronomical 
Association, by kind permission of the Council The Tables giving particulars of the orbits of the planets 
are from the American Ephemeris 


PART IV 

PRACTICAL NOTES FOR THE AMATEUR 

I 

THREE FORMS OF MICROMETER, AND THEIR USE 

THE RING MICROMETER 

By A C D Crommelin, BA, DSc, ERAS 

It IS often useful for the observer to be able to measure the distance between some celestial object 
(comet, asteroid, new star, suspected variable) and a neighbounng known star, this distance 
must be found both in an East-and-West direction (Right Ascension) and in a North-and-South 
one (Declination) The Ring Miciomcter, and the closely related Cross-Bai one, have many advantages 
for this purpose They are simple and inexpensive, and involve no leading of screws, they can be 
used in a dark field, which is of importance in the case of faint comets They need the use of some 
timepiece (not necessarily of very high quality, provided its error can be found somewheie near the 
time of observation) whose ticks are distinctly audible at the telescope The Ring can be used with 
any form of mounting, but the Cross-Bar only on an equatorial 

The ring micrometer is simply a flat ring with both outer and inner edges circular, placed in the 
focal plane of the telescope * One way of making it is to draw the design on a larger scale on paper, 
and reduce it by photography on a thin glass diaphragm, which is placed in the focal plane Then 
we simply note the times at which the known and unknown bodies disappear and reappear at each 
side of the nng The telescope must be so placed that neither body passes very near the centre of 
the ring We must also note whether the bodies pass to the North or the South of the centre A 
complete observation consists in noting the times at which the tw o objects pass the edges of the ring 

* In this case a positive eye-piece must be used Where only a negative eye-piece is available the iing must "bo 
placed m the plane of the diaphragm between the two lenses, so as to appear sharply defined to the eye but the 
results from such an arrangement will be less accurate owing to distortion by the field-lens The same remaik^, 
apply to the Cross-Bar micrometer 
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(both outer and inner edges should be used if possible) The mean of the four times gives the time 
of the object crossing the central meridian SN The difference of the times for the two objects gives 
the difference of their Right Ascensions To find the Dechnations we must observe a star near the 
equator a number of times and find how long it takes to cross the ring centrally Suppose the time 
for the inside diameter is 40 seconds, this is equal to 10 minutes of arc or 600 seconds of arc The 
time for any other decimation is 40 seconds X the secant of the Declination Find an angle q such 
that sine q = observed time from C to D — (40 seconds X secant decl) Then OK = COO seconds 
X cos q 

In the same way we find OL , the sum or difference of OK, OL gives the difference of Declination 
of the objects The reason that the transits must not be near the centre of the ring is that in this 
position the difference of Declination cannot be accurately determined 
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I work out an illustrative example For simplicity I give only the times of crossing the inner 
edge of the ring, the method is precisely similar for the outer edge As before, I take the time for 
an equatorial star to cross the mner nng as 40 seconds 
Let the times for the star be 7A 13 ot 5s ] 

Th IZm 39s J (South of centre) 

Let the times for the comet be Ih I4m 17s 1 

Ih. 14jm 46s J (North of centre) 

We see at once that the comet’s R A is Iw 9 5s greater than the star’s If this is measured by a mean 
time clock, we increase it by 1 part in 365 or 0 2s , making it \m 9 7s sidereal Also the interval 
for the star is 34 sec, or 34 1 sec sidereal Let the star’s Declination he 39° 43', whose secant is 
1 3000 Then the time for a central transit is 52 seconds Log 34 1 = 1 5328, log 52 = 1 7160, 
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log sm 40“ 59' = 9 8168 log cos 40“ 59' = 9 8779 • log 600 = 2 7782 whence log OK = 2 6561, 
OK = 453" 

To find OL we first treat the comet's Dechnation as equal to the star’s log 29 l’= 1 4626, 
log 52 = 1 7160, log sin 33“ 55' = 9 7466 log cos 33“ 55' = 9 9190, log 600 = 2 7782, logfoL = 
2 6972, OL = 498" Thus the comet is 453" + 498" = 15' 51" N of the star, its’Dechnation is 
39“ 68' 51", log secant = 0 1156, log 40 = 1 6021, log time of central transit = 1 7177 We get for 
the angle 33“ 46', for log cos 33“ 46', 9 9198, for log OL 2,6980 OL = 498" 9 We can avoid the second 
approximation by making a rough estimate of the comet’s Dechnation before beginning the calculation 

I shall not attempt to describe the small corrections due to parallax, refraction and comet’s 
motion , they can be made subsequently if the observer gives the necessary details 

The companson star should be of the ninth magnitude or bnghter, to ensure that it may be in 
some star catalogue If the observer does not possess such catalogues, he should make a careful 
sketch of the faint stars in the field, and note the approximate position with regard to neighbounng 
naked-eye stars, by looking along the outside of the telescope tube Several comparisons between 
comet and star should be made, the telescope must remain absolutely at rest dunng each companson, 
it IS, of course, moved between them 

We may, at a pinch, use the boundary of the field of view of the eyepiece as a ring micrometer, 
finH-ing its diameter by letting an equatonal star cross it centrally several times and noting the number 
of seconds required 

It IS well if possible to note some faint stars that enter the field a httle before each object, so as 
to have warning of its approach. 
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In observing faint comets the eye will not bear any artificial light, so a second must be taken from 
the clock beforehand, and the count continued carefully by listening to its beats A very dim 
lantern, with a red shade, may be used to throw enough light on the note book to let the times be 
entered The approximate error of the clock should be noted, as we require to know the true time of 
the observation of a comet, or of any object that is in motion 

THE CROSS-BAR MICROMETER 

By A C D Crommelin, BA, DSc, FRAS 

There is much m common between this and the Ring Micrometer The reductions with the 
Cross-bar are simpler, but it is only possible to use it with an equatorial, so that with other mountings 
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we should use the ring The reason of this is that the Cross-bar needs to be set in a particular 
position, with its two bars, which are at right angles, each inclined 45° to the East and West line 
With a non-equatorial mounting it would deviate appreciably from this position in a few minutes,, 
whereas the ring is always in^adjustment On the other hand, the reduction for Declination is simpler 
with the Cross-bar 

In some cases the frame carrying the cross-bars is attached to a position circle , m this case we 
adjust it by making a heavenly body run along the edge of one of the bars, and then turning 
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SPECIMEN OF CHRONOGRAPH RECORD 

through 45° In other cases we need a thinner wire bisecting the angle between the bars , we make- 
a star run along this wire Once the correct position is found it should be marked m some manner, 
so as not to take time in setting on each occasion Also, to guard against wrong setting, we should 
select if possible a comparison star that is very nearly on the same parallel of Declination as the comet 
If this is not possible, it is well to have two comparison stars, one North of the comet, the other South 
If the two stars are both observed in the same position of the telescope, we are able to deduce how 
much the onentation of the bars is m error, and apply a correction 

The method of observing is similar to that with the ring micrometer We note the times of the 
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objects passing the points ABCD, EFGH, and take the mean of the four m each case , the difference 
of these means gives the difierence in Right Ascension Also, take the mean of AB and of CD The 
difference of these means in seconds of time mnltiphed by seven and a half cosine Declination gives the 
distance of the star South (or North) of the centre of the Md We go through the same process for 
the comet, using an approximate Decimation, and correcting if necessary by using the Declination 
thus found in a second approximation I do not give the method of correcting the observations for 
refraction, parallax, etc I refer the reader to a paper by Colonel Tupman m Monthly Notices, R A S , 
for January, 1888 The reader with a little mathematical knowledge will readily be able to deduce 
corresponding formulae for the ring micrometer 

However, if the observer feels unable to deal with these corrections, it will suffice if he gives full 
details of the times of the objects crossing the bars, the corrections can be applied by those who 
deal with the observations I may add in conclusion that if the observer can procure a chronograph 
of any form it will greatly conduce both to the ease and accuracy with which the observations are 
made , it will no longer he necessary to continue a long count of seconds An arbitrary mark made 
at a particular beat of the clock will enable the seconds on the chronograph record to he identified 
I follow the plan of sending a triplet of warning taps after the comet has crossed either bar, and two 
triplets after the star has crossed it These are shown in the sketch, the figures 1, 2, 3, etc, being the 
clock taps , they are a help in reading the record 

In such a series of observations the comet's Right Ascension and Decimation can generally be 
seen to alter appreciably from one set to another A rate of four minutes of R A a day means a 
second m six minutes, and comets often move much more rapidly than this 

THE BTFILAR (OR PARALLEHWIRE) MICROMETER 

By Rev TER. Phillips, M A , F R A S 

Of the various forms of micrometer used for the measurement of small quantities in Astronomical 
observation, that known as the filar micrometer is the one most generally employed Especially is this 
the case in the measurement of such objects as double stars, the diameters of the planets, and the 
surface features of the planets and the Moon A reference to this form of instrument, with a diagram 
of the field, is given on page 517 and an illustration of the instrument itself on page 719, but some 
notes are added here which may be of practical use to amateurs who feel inclined to take up this 
branch of Astronomical observation 

As shown on page 517, the field of the micrometer contains two sets of webs (spider webs) at light 
angles to each other One set, which may be either two parallel webs close together, or a single web 
(which is really sufficient), cannot be moved except by rotating the micrometer box, for which purpose 
a pinion motion is provided The direction of this set of webs is indicated by the reading of a circle 
divided into 360°, known as the position airoU, and the micrometer is so adjusted in the telescope that 
when the indexes of the circle read 90° and 270°, a star—^the driving clock being stopped—traverses 
the field parallel to the webs concerned The angle, known as the Position Angle," or P A is 
accordingly measured from North (zero) through East (90°) throughout the 360 degrees 

In adjusting the micrometer in the telescope tube by observing the passage of a star, the eyepic'ce 
with the largest field should he used, and the instrument, when adjusted, securely clamped If the 
adjustment is then found to he not quite perfect, the reading of the position circle when a star travels 
along one of the wehs, or evenly between them, should be noted, and the difference from the direction 
90°-270° applied as a correction to the subsequent measures 

The webs at right angles to the position webs are used for the measurement of “ disicinceT or the 
interval between two points as seen projected on the background of the sky They are two m number, 
and they are both movable by screws so that they can pass each other, and it is important that they 
should he so nearly in the same plane that they can he seen in good focus together with the highest 
power eyepiece used Commonly each screw is provided with a graduated head with 100 divisions, 
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the heads themselves being just friction tight to allow for necessary adjustment, so that when the two 
webs are superposed their indexes may read zero As a matter of fact, it is sufficient if only one of 
the screws is provided with a graduated head {see illustration on page 719), since the other web is not 
moved after it has been once adjusted and is known as the fixed '' web Its use will be explained 
presently 

In order that the two sets of webs may be seen at night, some means of illumination is necessary 
For this purpose small electric lamps are fitted, and they are arranged so that either the field itself 
may be suitably illuminated, in which case the webs are seen as dark lines against a bright background, 
or light is thrown upon the webs themselves so that they appear as bright threads against the dark 
sky This latter arrangement is, of course, the more suitable one when measuring faint objects, but 
for bnght objects an illuminated field is preferable It is desirable to include in the equipment some 
form of variable resistance for regulating the intensity of the light 

The interval, as measured directly by the distance webs, is, of course, expressed in terms of a 
revolution of the screw, some arrangement being provided for showing the number of complete 
revolutions as well as its fractions Since, however, what is required is the angular separation of the 
webs, the value of a revolution in seconds of arc must be accurately determined There are two methods 
of doing this One is by making use of widely separated pairs of stars, showing little or no relative 
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motion, whose angular separation or difference in Declination is known The distance, as measured 
by the readings of the divided screwhead, is determined by the method to be descnbed presently for 
the measurement of double stars (except that when the diffefsnce m Declmcdton is to be utilised the 
position webs must be set to read 0°-180°), and then, since the interval in seconds of arc is 
known, the value in angular measure of one complete revolution of the screw is readily deduced The 
foflowmg pairs of stars in the Pleiades are suggested as suitable for the purpose in hand — 

1 Electra and Celaeno Difference in Dechnation 633 40" 

Atlas and Pleione ,, 300 25" 

In the case of very widely separated stars of different Dechnation or altitude, it is, of course, necessary 
to correct their places for refraction 

The other method, which is for vanous reasons more convenient, is to set the position webs to read 
90'’-270°, stop the driving clock, and observe a star of high Dechnation on or near the meridian drift 
across the field of view The position of the movable web when placed well on the following side of 
the centre is read before the star enters the field and the time of its transit of the web noted to the 
nearest tenth of a second by the beats of the clock or by a stop-watch Immediately after the transit, 
the weh is moved forward m advance of the star a number of complete revolutions of the screw, and the 
time of the second transit of the star observed These observations are repeated a large number of 
times and the mean interval between the transits in seconds of sidereal time deduced If the star be 
close to the pole its path across the field will show a distinct curvature, and a somewhat elaborate 
formula will be required for the reduction to angular measure If, however, a star be chosen such that, 
while Its Dechnation is sufficiently high for its motion to be slow, its path is yet sensibly parallel to or 
along one of the position webs, the following simple formula—where R" is the value of a revolution of the 
screw in seconds of arc, t is the mean interval in sidereal seconds between the transits, 8 is the 
Declination of the star, and n the number of revolutions of the screw between the two positions of the 
webs—^will be quite sufficiently accurate — 

R" = ^ X cos 8 X 15 
n 

A table giving the value of fractions of a revolution can then be prepared for use in the conversion 
of the micrometer readings in double star or other measurements to angular separation 

In the measurement of double stars two things have to be determined First the direction of the 
fine between the two components, termed the “ position angle,” and, secondly, their angular separation 
or '■ distance ” For the former the position webs are used, the micrometer box being turned by the 
pinion so that the two star images are between them and equally distant from both, or else one of the 
webs IS made to bisect the two star images In large and heavy Equatorials there is a provision for 
moving the whole micrometer box, so as to bring the star to the desired position in the field, but in 
smaller instruments the telescope itself is moved by the slow motions Several settings—say four or 
more—are made, and the mean of the readings taken 

For the angular separation the " distance ” webs axe used The “ fixed ” web is made, by adjusting 
the telescope (or moving the micrometer box), to bisect one of the stars, and the second web is moved 
back by the screw till it is weU outside the other star and then moved forward again till the latter is 
bisected by it This operation is repeated a number of times-say three or four-care being taken 
{a) to see that at each settmg the fixed web is bisecting its star, and (6) to bnng the movable web 
up to the star it is to bisect always/row the same direction, so as to avoid any error arising from slackness 
or backlash in the screw The mean of the readmgs is then taken, but it will be clear that this does not 
accurately represent the separation of the two stars unless the index of the divided screwhead reads 
exactly zero when the two webs are coincident Any error, however, due to imperfect adjustment 
(zero emor) is completely eliminated by the “ double distance ” method, which should always be adopted 
and which is as follows The measures just described having been completed, the fixedweb is 
made to bisect the image of the second star, and the movable web is moved across to the other side 
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and made to bisect the first star The same number of settings is taken as before, and it will be clear 
that the difference between the mean readings of the two sets of measures gives double the distance 
between the stars Half the measured distance is then converted into seconds of arc by reference to- 
the table already computed, and the operation is complete and quite free from any effect of zero error 
It is desirable to repeat the measures on at least two other nights, especially in the case of close pairs, 
or if the conditions of seeing have been only second rate 

Measures made with the filar micrometer are liable to be affected by certain systematic and other 
errors, which should be carefully investigated and guarded against It is found, eg, m the case of 
double stars, that unless special precautions are taken, measures of the same pair will yield discordant 
values of the position angle when it is at a distance from the meridian and on opposite sides of it 
There is clearly an error depending on the varying orientation of the pair in the course of its diurnal 
motion, and to avoid this it is important to ensure that the line between the two stars is either parallel to, 
or perpendicular to, the line between the observer’s eyes 

When the components of a double star differ considerably in magnitude, errors in setting for position 
angle are also hable to occur Owing to diffraction effects, it is not always easy to be sure that 
both discs are accurately bisected, and if the web is displaced slightly, the Ime between the stars may 
not appear parallel to it on both sides In such cases the writer puts the stars alternately on opposite 
sides of the web and adjusts the latter until the apparent departures from parallelism are opposite 
and equal 

There is one curious effect which the wnter of this note and otheis have very occasionally 
experienced, viz , a regular progression (either of increase or decrease) in the measures of the position 
angle of a star to the extent of some degrees These “ runs ” are hard to explain Care is taken to 
move the web right away from the companion before each setting and to bring it up to the star from 
jopposite sides, and yet there is a progressive change which may persist for perhaps as many as half- 
a-dozen settings I In these cases it is the writer’s plan to go on with the measure^ till the lun ceases 
Further settings may then make it almost certain that the earlier values were for some unknown 
reason erroneous, in which case it might be felt necessary to reject them, or to continue the settings so 
long that the effect of the supposed error is largely eliminated in the mean But one rightly hesitates 
to reject altogether measures which have been carefully made merely because they are discordant, unless 
there are very strong grounds for doing so 

As regards measures of distance, a difficulty arises when the stars are very close If the webs arc 
set on the stars the light spreads out on either side from behind them, and it is impossible to feel sure 
that they are correctly placed In these cases the writer often puts the webs by the side of, and not on, 
the close pair, and adjusts them to the correct distance by estimation With an cight-inch Cooke 
refractor the necessity for this procedure appears to arise when the stars are appreciably below one 
second of arc apart, although the magnitudes of the stars also affect the case 

Besides the difficulties already mentioned, there are errors connected with the “ personal equation ” 
of the observer, which the computer of double star orbits needs to investigate and allow for in making 
use of pubhshed measures But these need not be considered here 

Perhaps one of the most difficult, or at any rate one of the most unsatisfactory, kinds of object to 
measure with the filar micrometer is the Snow Cap on Mars When quite small it is not practicable 
to set the webs on it, and if they be set by the side of it and adjusted by estimation, there is apparently 
a very large error (this is not apparent in the case of two bright dots like double stars) which may 
peihaps vary with the personal equation of the observer Professor W H Pickenng found some 
years ago by such measurements of small lUummated holes, viewed from a distance through the 
telescope, that it was necessary to increase his results as measured by about one-third of their value' 
The writer s measures of the polar caps also make the diameter very considerably smaller than the 
corresponding values deduced from drawings, but, on the other hand, as regards the latter, the eye, 
in estimating the size of the white spot, may weU, and probably does, err in the opposite direction and 
make the cap too large The subject is an interestmg one and further investigations of the problem 
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would be of value Amongst other things, it seems especially desirable to find out what is the exact 
nature of the relationship of the error described to the angular dimensions of the polar cap The 
reason for the error is not apparent, since measures of the discs of the planets (which, however, are 
made with the webs tangent to the limb) have a tendency to come out too large as a result of irradiation 

It is generally agreed by observers that the refractor is far better suited to micrometrical work—• 
at any rate on double stars than the reflector, owing to its relatively greater focal length, and the 
fact that its images of stars are almost invariably neater and much less blurred by atmospheric 
disturbances It is true that the Rev T H E C Espin has for many years been carrying out at his 
observatory at Tow Law, in Durham, a very extended and extremely successful programme of double 
star measurements with large reflectors of twenty-four and seventeen and a quarter inches apeiture, 
but he is an outstanding exception, and observers who have had experience of both classes of instiument 
are apparently almost unanimous in their conviction that, while the reflector has its undoubted 
advantages for certain classes of work, for use with the micrometer, preference must be given to the 
refractor With both classes of instrument it will often be found advantageous to increase the focal 
length by the use of a Barlow lens High magnification can then be obtained without employing high 
power eyepieces, which mean an uncomfortable magnification of the spider webs and increase the 
difficulties of observation and the probabilities of error in the icsults 

II 

THE SPECTROSCOPE IN THE HANDS OF THE AMATEUR 

By W Alfred Parr, ERAS 

In the first chapter of this work which, appropriately enough, begins with the vStory of Light and 
Man s Control of It, Dr W H Stcavenson has dealt with the mam principles underlying the 
science of spectioscopy, while in the course of a subsequent chapter, Mr C P Butler has shown, 
on page 154, how the spectroscope has enabled us to analyse the atmosphere of the sun At a still 
later stage in our proceedings, Mr Herbert Dingle has devoted Chaptei XII to a spectroscopic 
interpretation of the Message of Starlight, so that the reader of these articles may be assumed to be 
in possession of the mam facts concerning the methods and aims of the great new department of 
astronomy known as Astrophysics iBut the description of the highly specialised instruments with 
which some of the more striking results are obtained, as well as the delicacy of the observations 
themselves, to say nothing of the elusive nature of the phenomena observed, may possibly lead him 
to suppose that, m this department at any rate, the amateur will find but little scope for his activities 
That this IS by no means necessarily the case it is the object of the following short article^ to prove 

In the case of stellar spectroscopy, where the source of light is at best a feeble one, it is true 
enough that ample instrumental means must possess an advantage ovct small ones , but with no 
more elabonitc outfit than a three-inch altazimuth refractor, fitted with a small star-spectroscope. 
It IS quite possible to master some of the leading distinctions m the science which has fitly been 
termed the “ language of the heavens Indeed, as was pointed out by Piofessor Fowler in his senes 
of papers on the '' Chemistry of the Stars,contributed to Knowledge, in 1903, the epoch-making 
discoveries of Fraunhofer were secured with a telescope only a little over an inch m aperture » 
Perhaps the most suitable instrument for the amateur's purpose is the Zollner star-spectroscope 
This inexpensive piece of apparatus consists of a simple combination of three prisms and a cylindrical 
lens, mounted m such a manner as to fit over the usual astronomical eyepiece—preferably one of low 
power—-like an ordinary sun-cap After sharply focussing the star m the telescope, the Zollner is 
screwed on to the eyepiece, when the star's image will be found to be tiansformed from a point of 
light into a coloured band, crossed at intervals by the distinctive lines which constitute the 
“ signature " of the particular star under observation It will be noted that a slit forms no part of 
this simple apparatus, the spectrum appearance being produced by the combin(‘d action of the 
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prisms, which disperse the steUar point into a coloured line, and the cylindrical lens, which 
broadens this hne into the famihar coloured band Provided with this modest addition to his 
telescope, the amateur will find his interest m the stars at once deepened and broadened, for, to 
quote the late Professor Keeler, “ the light which reveals to us the existence of the heavenly bo^es 
also bears the secret of their constitution and physical condition ” Thus the mam features of stellar 
spectroscopy in its broadest outlines, as set forth on page 486 of this work, can easily be foUowed 
with the means ]ust descnbed, though the amateur should bear in mind that Secchi’s classification 
relates to the visual spectrum, with which we are here more immediately concerned, while the Draper 
notation refers rather to the photographic method of observation For our particular purpose, those 
spectra in which the hydrogen lines Hp and Hy are prominent, as in the ease of Sinus and Vega, 
wiU perhaps be the easiest of observation, but the most beautiful in a smaU instrument are undoubtedly 
the banded spectra yielded by such stars as Betelgeuse and a Herculis, where the absorption bands 
exhibit the most delicately pencilled flutmgs Certamly no more absorbing study can be imagined 
than such an enquiry, elementary though it may be, into the mam characteristics of stellar spectroscopy 
But the amateur who takes a pride m his work wiU not rest content merely to enjoy what Henri de 
Regnier has called “ le plaisir delicieux et toujours nouveau d’une occupation inutile,”—he will most 

assuredly wish to make these 
fascinating observations of real use 
to science as well, and a method 
of doing this was outhned by Mr 
Harold Thomson, F R A S , in Ins 
presidential address to the British 
Astronomical Association in Oct¬ 
ober, 1919 When Nova Aqmlae 
III was ablaze in the summer-night 
skies of 1918 the spectrum it then 
yielded was by far the most 
magnificent the writer had ever 
witnessed, though observed with 
only a small refractor m combina¬ 
tion with a ZoUner spectroscope 
An outburst of this kind serves to 
bring new recruits to the ranks of 
astronomers—two of the greatest, 
Hipparchus and Tycho Brah4, 
were summoned by a new star— 
and presses home the importance 
of the systematic observation of 
variable stars in general and of 
novae in particular Thus, m 
connection with the wonderful 
apparition of 1918, Mr Harold 
Thomson threw out the suggestion 
that variable star observers should 
make a practice of sweeping along 
the Milky Way and of examining 
any strongly coloured star with a 
small slitless spectroscope attached 
to a low-power eyepiece In this 
way a nova, if near its maximum, 


^'hoto by] ,, 

3-INCH AI^TAZIMUTH REJFRACTOR BY STEWARD, 

fitted with transmission grating prominence spectroscope by Hilger Note the 
small view-telescope set at an angle to the spectroscope, giving an enlarged 
view of the red end of the spectrum 






Splendour of the Heavens 


957 


would betray itself by its characteristic bright- 
iHie spectrum The writer would further suggest 
that a convenient way of carrying out a search 
of this kind is to use on the telescope a double 
nose-piece fitted with two low-power eyepieces, 
to one of which the Zollner is permanently 
attached It is then easy to arrange the draw- 
tubes of the nose-piece in such a manner that 
either eyepiece is sharply focussed when switched 
into position 

In stellar spectroscopy the question of 
sufficient light is an urgent one, affecting the 
amateur s chances of success in direct proportion 
to the aperture he commands, but in the case 
of solar spectroscopy the conditions are much 
more m his favour Here there is a superabun¬ 
dance of light available, and it is precisely in 
this department that a moderately-sized telescope 
becomes a really efficient weapon of research 
In a lectuio delivered before the Royal Astrono¬ 
mical Society in 1907, Professor George E Hale 
goes so far as to say that “ for a study of the 
general characteristics of the solar prominences 
the small instrument has even a great advantage 
over the large one ” These are comforting words 
indeed for the amateur, coming as they do from 
one who has worked with the greatest refractor 
in the world, and Professor Hale goes on to show 
that an instrument like the forty-inch Yerkos 
telescope is whoUy unsuited for work of this kind, 
as the images of the prominences formed by it are 
usually far too large to be included within the 
slit of the spectroscope without admitting too 
much general light from the sky He then 
suggests as “ <zn almost ideal equipment ” a 




4-INCH lUIOTO-VISUAI, OPOCK-URIVEN 
liyUATORIAP RICFRACTOR BY COOKK, 

With modi lied JCvt railed piomnuiKe spectroscope (two prism 
type) by Ililger Note the li^ht canviis shelter which can be 
placed ovci the cquatoiial mount and closed with removable 
door when the tclcscoiic is dismounted ' 


telescope of about four inches aperture, used in conjunction with a small, but suitable, spectroscci>b<^\ 
Another great authority on Solar Physics, the late Charles A Young, says on page 192 of his clalssic 
work. The Sun, that with a telescope of not less than foui inclus aperture, equatorially mountecU 
and a spectroscope of [sufficient] dispersive power tlu‘ obstTver is equipjied for the study 

of the chromosphere and prominences ” 


As regards elaboration of outfit, however, it was pointed out by 11 k‘ lat(' Colonel (then Captain) 
Tupman, at a meeting of the Royal Astronomical Society so long ago as 1872, that a three-mch altazimuth 
refractor, used in combination with a Browning direct-vision spectroscope, represented ant adequate 
equipment for viewing the prominences as such, while some years ago the writer contributed a paper to 
the Journal of the British Astronomical Association giving an account, illustrated with drawings, of his 
own observations, also made with a thrcc-inch altazimuth to which was attached a transmission grating 
spectroscope, made especially for the purpose by Hilger This little instrument, which has proved 
extremely efficient, contains a film replica grating of 14,438 lines to the inch, and is provided with 
an adjustable slit, which is protected from dust by a glass window so that the spectrum given is 
exceedingly clean and free from dust-lmes A small view-telescopc is added which is set at such 
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an angle ^that the orange and yellow portions of the spectrum 
only, from just below X6563 to a little above X5876, appear in 
the centre of the field This addition gives an enlarged view 
of the region lying near and between those lines which offer 
the greatest interest for visual work upon the Sun, viz, C and 
D The view-telescope, however, is by no means a necessary 
adjunct to the outfit, and may be dispensed with altogether 
Attaching, then, the spectroscope to the refractor (from which 
the eyepiece has been removed) and arranging matters so that 
the image of the Sun formed by the object-glass is sharply 
focussed upon the nearly-closed slit, the solar spectrum crossed 
by hundreds and hundreds of the exquisitely fine dark 
Fraunhofer lines will be seen spread out in all its pageantry of 
gorgeous colour This in itself is an interesting and beautiful 
spectacle from which much may be learned, but if, now, the telescope be so manipulated as to place 
the slit tangential to the solar limb, the strong dark C line at X6563 m the orange-red will be seen brightly 
reversed for part of its length, as will also the fine line Db in the orange-yellow, indicating respectively 
the glowing hydrogen and helium existing in'the chromosphere On slowly rotating the whole 
spectroscope, taking care to keep the slit constantly tangential to the Sun's limb, certain brilliant 
notches may be observed on the C line in some positions of the instrument, betraying at these 
particular points the presence of prominences, and, if then the slit be cautiously opened, the 
entire form of the prominence in question may be seen The Fraunhofer lines themselves, being 
merely the dispersed images of the slit, will of necessity become diffused and indistinct as soon 
as the latter is opened The simple operation described completes what the late Miss Agnes 

Clerke used to call the task of daily promenading the slit round the solar limb," which, if 

systematically performed and duly recorded, constitutes a valuable survey of the entire ring 
of prominences visible on any sunny day As the instrument in question is unprovided with 
means for correct orientation of the solar image, the amateur using an altazimuth mount would do 
well to make his observations about noon, when orientation becomes easy, so that, due attention 
being paid to the monthly ephemeris for the inclination of the Sun's axis, no very serious difficulty 
need be experienced in locating within moderate limits of error any individual prominence seen on 
the solar limb 

It must be admitted that the manipulative dexterity which the employment of an altazimuth 
mounting requires m order to keep the solar limb exactly on the slit, is certainly of a far more delicate 
nature than that necessary for stellar work with a Zollner spectroscope But it is easily acquired 
with practice, and no amateur can ever forget the thnU of pleasure he experiences on picking up his 
first prominence The exquisitely delicate outhne of these flame-like images, their evanescent 
character, and the highly-specialised means necessary to render them visible, all conspire to make 

this department of observational work perhaps the most 
attractive of all At the same time, the earnest amateur, as 
soon as he is able, will lose no opportunity of increasing his 
aperture to at least four inches, and mounting it on a clock-driven 
equatorial He should also endeavour to raise the power of his 
spectroscope from the simple apparatus described by substituting 
for his grating a prism-tram, if possible after the Evershed 
pattern, thus augmenting his available dispersion between the A 
and H lines to something like 60° Furthermore, for convenience 
of observation, the slit of his spectroscope should be set eccentric 
by an amount equal to the semi-diameter of the Sun's image^ 
so that on rotating the instrument the slit passes tangentially 
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round the limb of the sun, while the spectroscope itself should be furnished with a graduated circle 
enabling the observer to read off the exact position of the prominences seen on the limb With his 
“ tele-spectroscope” thus reinforced, the amateur wiU find tumself very efficiently equipped for the 
successful study of the chromosphere and prommences, and may even venture an attack on the 
interesting problem of spot-spectra 

It has been truly said that the spectrum is the most profoundly inspired utterance of the celestial 
0 les that has yet descended to us, and since it is generallyagreed that a proper attack on the 
problem of steUar evolution must begin with the study of the Sun—our nearest star-it is surely a 
fortunate circumstance that the amateur finds such promising opportunities for individual wmk 
in the fruitful and fascinating field of Solar Spectroscopy 


in 

CELESTIAL PHOTOGRAPHY 

By F. W. Longbottom, F R A S 

The debt which Astronomy, the oldest of the sciences, owes to her young sister Photography is 
abundantly evident on almost every page of “ Splendour of the Heavens,” and suggests amongst 
many other things, a most pertinent question 

Is not the well-nigh human machinery which carries the scmsitive plate, in the great observatories 
of the world, slowly eliminating the astronomer from his sphere of work ? ” The answer comes 
very readily when it is remembered that the most perfect time-keeper known to the scientist is the 
steady rotation of our Mother l£arth 

This rotation swiftly sweeps the camera-man and his apparatus past the object he desires to photo¬ 
graph (unless his “sitter” is situated neai the celestial poles), and a second clock is usually needed to 
counteract this movement Now, all man-made clocks have their individual eccentricity, so the observe! 
can never sleep at his post, but must keep faithful watch lest these opposing clocks ai c not in agreement 
Then, refraction, both accidental and normal, has to be noted and corrected 
Even with brilliant objects, where the exposure may be cut down to a fraction of a second, that 
rare instant has to be selected when the atmospliere is tranquil, and definition at its best 

The man at the small end of the telescope ” will ever remain the one indispensable factor 
nliappily, theie arc far too few of these alert and determined men, and this is the opportunity for 
the earnest student—professional or amateur Presupposing that the reader of our pages has 
gained both the desire to help and some basic knowledge of the conditions involved, a few notes 
may be helpful Let it be said at once, that any telescope, and any cameia and lens, may be turned 
to useful account in some branch or other of Celestial Photography A telescope is only a long 
camera, and vice versa, a cameia and lens foim a sort of telescope luthcr may be used with an 
eyepiece or a sensitive plate, and sometimes both items are used on the same instrument Except 
for snap-shots,” some kind of hand- or clock-driven equatorial stand is necessary, but the* 
ingenious beginner need not find this costly if he makes part of it himself Refracting telescopes 
usua y work at F 12 to h 15 Sometimes they au' corrected for photography, otherwise the 
best actinic ^ focus must be found by cxpeiiment 

In reflecting telescopes all foci coincide, and angular apertures as high as F 5, or more, arc possible 
If a telescope is used as a camera, a second (smaller) one with cross-wires in the focus of the eyeiiicce 
IS attached, as a pointer, or " guide,” to ensure the object being photographed keeping its place on 
the plate With a camera strapped to the body of the telescope, the latter is used for such 
guidance Portrait-lenses the bigger the better—with a working aperture of F 3 to F 8, are 
admirable for stars, nebulae or comets, and at times of total solar eclipse, for photographing the 
ong, faint, coronal streamers ” For these purposes, only the fastest plates are desirable Those 
who can command an anastigmatic ” lens, of about twenty inches focus, and F 4 5 arc to be envied 
as much very valuable work is within their reach But let not the man with humblei equipment 
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Oespair Let him rather look at the splendid 
results obtained by Barnard and others, with 
cheap lantern lenses » 

For solar, lunar, and planetary photography, 
a telescope is most suitable, as the longer focus 
gives the necessary increase of scale An equa¬ 
torial mount IS not always needed for brilliant 
objects, as good images may be securtd before the 
movement due to the rotation of the Earth can 
blur them 

There must be some means of pointing the 
instrument aright, and for this purpose a simple 
form of stand (called an ''Alt-azimuth'’) will 
suffice Here, slower, finer-gramed plates are 
advisable, as subsequent enlargement is usual 
Concerning the selection of the class of work 
most needing to be done, much might be written, 
but all turns on the instruments available 

The Sun offers a fine field for continuous study, 
as changes are constantly taking place on its surface 
A telescope of three or four inches aperture would 
yield good results A rapid shutter is needed 


CAMERA WITH 1->0IITRAIT-EE:NS, 
attached to an Equatorial Telescope, as used by Mr Mark 
E Eannan 


The Moon is easily photographed with almost any 
lens, but, here, the large-scale reflectors hold 
the cards, and beyond taking a pleasing picture not 
much can be achieved This is even truer as regards 
the planets, as only a highly-magnified image can 
reveal the finer detail Charting the whole face of 
the sky is a large order, but it could be undertaken 
if a few workers, armed with portrait or other lenses, 
joined in the task, and if completed periodically, 
and the plates carefully compared, might lead to 
the discovery of new or variable stars A good map 
of the Milky Way could be made by similar co¬ 
operation, and would have a distinct value 

When a comet appears, it should be photographed 
at frequent intervals, as changes are sudden and 
remarkable, and the full life-history of a comet has 
yet to be recorded Comets have sometimes been 
found on plates taken for other purposes, so all 
plates should be closely examined Comets having 
a movement of their own, must be " followed ” 
throughout the exposure 

For registenng the flight, etc, of meteors, any 
lens will do, and the camera may be simply pointed 


REGION OP THE GREAT STAR-CEOUD IN 
SAGITTARIUS 

Photographed by Mr Gale, Junior, with a Goerz ** Celor ” 
lens, of 9-m focus, and F 5 Exposure two hours 
Imperial “ Eclipse ” plate—H & B 650 
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towards the region selected [see page 443), or may be moved with the star-sphere, on the clock- 
driven equatorial Much remains to be learnt about meteors, and the photographer must be enlisted 
to aid in the research 

The Aurora opens up a comparatively unworkcd possibility for the application of simple apparatus. 

Plates, developers, printing papers, transparency making, etc , leave much to the choice of the 
worker Most of the methods of manipulation yield good results, but vital matters are the use of 
freshly-backed plates and the avoidance of all intensifiers 

Photographing the heavens is a lonely cult, but its devotees form a kindly fraternity, and are 
ever ready to advise or help the newcomer to their ranks Then, the British Astronomical Association 
welcomes students of every branch of astronomy, and through its officers and the diregtors of its 
various sections offers friendship and instruction to all 

Finally—The good of it all ^ Well, there is the joy of making a record of one's work, which 
suitable printing methods will render permanent for subsequent study, and the ever-present 
possibility of adding to the stock of our knowledge of the Universe, coupled with the delight that 
comes of all creative endeavour 

PART V 

GLOSSARY OF ASTRONOMICAL TERMS 

Aberration A term generally applied to the leal or apparent deviation of the course of a ray of 
light It IS used in two senses (1) The apparent displacement of a star resulting from the combined 
effects of the velocity of light and the speed of the Earth's orbital motion; (2) The defects of an 
uncorrectcd lens m [a) failing to bring light of all colours to the same focus [chromatic aberration), 
[b) bringing the rays from its edge to a shorter focus than those passing through its central parts 
[spherical aberration) 

XY^eleration [Secular] A peculiarity affecting the meiin motion of the Moon in its orbit round 
the Ei^rth^ Dc'duced mainly from the study of ancient eclipse records It is due in pait to changes 
in the eccentricity of the Earth's orbit^ but is to some extent apparent only, being a reflex effect of a 
retardation of the axial rotation of the Earth 

Achromatic A term applied to an object glass, eyepiece, oi other optical system in which the 
defects of chromatic abeiration (sec above) have been partly oi completely eliminated 

A crony cal A star or other heavenly body is said to rise acronycally when it is first observablt‘ 
in the east at the shortest possible interval after sunset It sets acronycally when last observable in 
the west jusl before sunrise In either case the body will be near, but not actually at opposition to 
the Sun 

Albedo Literally the degree of whiteness of a body, moie exactly the proportion of sunlight 
reflected by its surface as compared with the total amount it H^ceives horn the Sun An albedo of 
I 0 would imply piTfect leflectivity, one of 75 a 75 jicu cvn\ reflc'ction, and so on. 

Wlmucanlcu A “ small-ciicle " of the celestial splunc' that is paiallcd with the' hoiizon , i c , a 
paiallel of altitude The teim is also applied to a telescope^ so mounted that, in its lotation about 
«i vertical axis, it sweeps out curves of this kind on the sky Suc'h an instrument is used chiefly for 
the exact deteimmation of the position of the oliserver's zenith m its relation to the star-sphere, 
and hence his latitude 

Altitude The apparent angular elevation of a body above the true hoiizon, usually expressed 
in degrees, minutes, and seconds of arc The altitude of the zenith is 90° To obtain the true altitude 
a correction must be applied for the effect of refraction (which see). 

Annular Literally nng-shapecl" Applied to [a) a soLu eclipse in which the Moon passes 
centrally, or neatly centrally, across the Sun's disc, but has at the time an apparently smaller 
diameter, so as to leave uncovered a ring of light from the solar limb, and (6) a nebula of the 
planetary " class in which the appearance of a ring is produced by the relative faintpesg of the 
central portions. 
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Anomaly The angle at the Sun between the place of a planet or comet and the perihelion point 
of Its orbit This xs tl^ true ' anomaly Tfie “mean” anomaly is the angle between the 
penhelion point and the mean place,” which is the position that would be occupied by the body 
If It revolved in a circular orbit with umform velocity The anomalistic year is the interval 
elapsing between two successive penhehon passages of the Earth The anomalistic month is similarly 
reckoned from perigee to perigee {See Chapter XXII) 

Ant-apex The point in the sky 180° from that towards which the Sun (with the whole Solar 
System) is movmg 

Ansa Literally “ a han^e ” That part of Saturn's nng which is seen projected agamst the 
back^ound of the sky on either side of the planet when the system is viewed other than edgewise 
The term was first applied in the early days of the telescope, before the true nature of the nng was 

Apastron The point in the real orbit of a binary star at which the smaUer component is at its 
greatest distance from the primary This point seldom corresponds with that occupied by the 
smaller star when at its greatest apparent distance, but may be found by drawing a straight luie from 
the primary through the centre of the apparent ellipse, and producing it to cut the latter The point 
of intersection marks the position of apastron ^ 

Apex The point in the heavens towards which the Sun is movmg Many determinations of its 
position have b^n made That at present adopted will be found among the “ Astronomical Constants ” 
phe ton The point in the orbit of a planet or comet which is most remote from the Sun This 
point lies at the extremity of the major axis of the ellipse, nearest to the “empty focus” of the 
latter, the Sun being, of course, at the other focus 

Apogee The point in the Moon’s orbit which is most distant from the Earth Also occasionally 
appied to the position of the Sun when at its greatest distance from us in its apparent orbit, taking 
the Earth as central Hehocentrically speaking, the Earth iS, of course, at aphelmn at the same time 

Apparml Ftme Tlic time determined by direct observation of the Sun itself (that is the 

Earth’s orbital revolution and the obliquity of 
the Ecliptic, the Sun crosses the meridian at varying intervals throughout the year, so that this 
system of time measurement is not suited to modern requirements (See Mean Time and Equation 
of Time ) Apparent time is the tune given by a sundial 

Apparition The period dunng which a planet, comet or other celestial object is favourably 
placed or observation This penod lasts, for most objects, from shortly after till short^^^ 
conjunction with the Sun Circumpolar objects are in “ perpetual apparition ” ^ 

Appulse An apparently close approach of two celestial objects 

,0 a, apbehon .„d penhehon. or apogee and p»gee. etc) and fot^ftte'X"arrae 

Areography The study of the surface of the planet Mars From the Greek Are. (- 

Aximuth The angular distance of an object measured along the 7ontn or 

seth pomt. For objects m the sky rt may be defined as the angle between the m JL ^d ,he 

sens!“’^lt4“d ‘"t ’ 

aetaally at greatly ddlerent d^tances from :E- ZScf Tl 

majority of close pairs are, however truly binary in fin i. f ^ ^^bles llic great 

obsLed long enough to feveal any reS™ Ztl ' 

* ■^7! i ^ enipincal law connecting the distances of the planets from the 8t,n tr ^ 

propounded by T.hus The law states that by adthng 4 to «teh nnjnbe? the series m!” 12 ! S 
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«PP»»>»aWy the relahve diameters or mda of the 

L p.Xhm'^i^rdo't mT'L“f'N'5„r ■“ ‘ »■■ 

BoMe A term often applied to a " fire-ball » or large meteor 
tem^iSr if^d™ tlicrmomcter, capaUe of rcgBlermg mmute differences rf 

.rsS rr s^Sd'-rsyt e—j^s 

r “: - - --- —l r. „ ~ 

:Lrri-“=“« 

aoDbed^onbr^f^ Strictly speaking, any instrument used for the measurement of time, but generally 
applied only to very accurate portable time-pieces, such as are carried by ships at sea TheS S 

The worls of a fvmcar^^d™ punciplc to Harrison’s original chronometer, illustrated on page 705 
c works of a typical modern chronometer, which is really a large watch, arc shown on mL 700 

Dol ir* t ^ ‘ipplicd at any place of observation to those stais which never set The 

polar distance o such stars must, theiefore. be less than the latitude of the ptce I fdbws Z 

errestnal equator, on the other hand, there are no circumpolar stars 

nr latitude of a place subtracted from 90“ It is the same as the meridian altitude 

of the eie,tial equator at the place of observation, or the zenith-distance of tUrcSes^Xt 

astronoriSYnstrumeYt TYff ^ «Ptical and mechanical aLs of an 

optical centre of fhe i Y collimation ' in a transit instrument is the line joining the 

ptical centre of the object glass with the intersection of the two middle wires at the focus ^ 

of theTattr Y the collimation 

Colures The four principal meridians of the celestial sphere, all of which pass from nolo to nnle 

donbirSar ^ applied to the smaller component (or "companion") of a 

otlie^cTS'con^'' nT?'’’’*"'”* P”' <="='> 

lonmt, 1 ihn Y < y commonly cons,der(‘d as in conjunction when they have the same 

ai^SnsTrf T 'V* '' " ■' 

y nd Venus, two kinds of conjunction with the Sun are recognised When thev pass the 

.n“ ■>' - ” . llnll sil 

the samtTalue^ rY'^thYvSY^i astionomical and mathematical calculations, which has always 
ronsdilY "^“^^dian of a place This passage may be 

tw roYcmsiri:;: thXer rxr" 

in a siinilar phLe°^"^* Crescent Moon, oi of Venus and Mercury when $een 
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Decimation The angular distance of a heavenly body north or south of the celestial equator 
It IS measured on a great circle passing through the body and the celestial pole When the body is 
north of the equator, the declination is usually designated |-. and when south of tlie equator, — 
Decimation in the heavens corresponds exactly with latitude on the Earth 

Den’iitv The relation existing between the weights of similar \olumes of matter In the case 
of the densities of terrestrial substances, these are expressed in terms of the weight of an equal volume 
of water The density of a planet is usually given m terms of the density of the Earth as a wliole 
Diclwtomv A cutting in two A term applied to the aspect of a plant t whtm ni the halt- 
illuminated phase, as the Moon at her first and last quarters, and Mt'rciiry and Vinuis at their time 
of elongation 

Durchmusterung A catalogue or survey That compiled by Argelander and his assistants, and 
known as the Bonner Durchmusterung, contains the positions of over 324,000 stars for 1855 This 
great catalogue is generally referred to as the “ B D ” The letters C P D denote the Cape 
Photographic Durchmusterung, compiled under the direction of Gill at the Cape, and recording 
stars in the southern hemisphere down to about the same limits as those adopted by Argelander, 
whose catalogue stops short at Declination —2° (It was, however, later extended by Sdionfeld 
to Decimation — 24’’) 

Eccentricity A measure of the degree of ellipticity of a planetary, cometary or slellai oibit 
It IS expressed as a decimal fraction of the semi-axis major of the ellipse, the quantity considered 
being the distance of either focus from the centie Thus, where the focus is one-fifth of the semi-axis 
major from the centre, the eccentricity is said to be 0 2 The eccentricity of a circle is, of coiiise, 
zero That of the Earth's orbit is about 0 017, or nearly 

Ecliptic The great circle of the celestial sphere along which the Sun app^iiently travc'ls during 
the year It is a reflex effect of the motion of the Earth in its orbit, and is thus identical with the 
apparent path of the Earth as it would be seen from the Sun 

Egress The end of a transit of Mercury or Venus, when the planet passes off the Sun’s disc, or 
of that of a satellite as it leaves the disc of its primary Thjs phenomenon consists of two phases 
When the object m transit first touches the hmb with the outer portion of its disc, “internal contact ’’ is 
said to take place When the whole object is just outside the hmb the phase is that of “ external 
contact ’’ The same terms are used with reference to the end of a total or annular eclipse of the Sun 
Elements In general, the data for predicting an astronomical phenomenon Especially, the 
quantities which determine the motion of a planetary body The independent elements of a planet 
are six in number, namely the mean distance, the eccentrici y, the longitude of the ascending node, 
the inclination of the oibit to the ecliptic, the longitude of peiihchon, and tlu' mean longitude* <it 
some given epoch 

Elongation The apparent angular distance of a body fioni its centre of motion in (utlier diiei tion, 
as of Mercuiy and Venus from the Sun, or of a satellite from its primary The (-xpiession “ at 
elongation” is generaUy taken as meaning the maximum angular distanci' during thi* ri'volutum 
under observation 

Emersion The reappearance of the Moon or a planetary satellite after being eclipsed in the 
shadow of its pnmary In the case of an occultation, the term “ reappearance ” is more often used 
Ephemeris A table givmg the apparent position of a heavenly body from day to day, so that 
observers may know where to look for it Apphed also to an astronomical almanac giving a collection 
of such tables, thus the pubhcation corresponding in the United States to the British Nautical 
Almanac is known as “ The American Ephemeris ” 

Epoch A date of reference used m astronomical calculations The term is employed generally 
in two senses (1) The date of a star-chart or catalogue at which the co-ordinates given will be 
strictly correct, having regard to the effects of precession (2) An arbitrary starting-point for 
calculations, such as the date on which a planet occupies a certain heliocentnc longitude, or on 
which a variable star is at its maximum phase 
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EquaUon of Time The number of minutes or seconds which it is necessary to add to or subtract from 
Apparent Time to obtain Mean, or uniform. Time, as indicated by a good clock (See Chapter XIX) 
Equinox. Either of the two points at which the Sun, in its apparent annual course among the 
stars, crosses the celestial equator So called because, when the Sun is at these points, the days and 
nights are of equal length (twelve hours each) throughout the world In the northern hemisphere 
the Vernal, or Spring Equinox, occurs on or about Maich 21, and the Autumnal Equinox on 
September 2,^ In the southern hemisphere the names must be intei changed, though the dates, of 
course, remain the same 

EvecUon. An inequality m virtue of which the Moon oscillates about 1J° on each side of her 
mean position in a period of thirty-one days, nineteen hours It is due to the action of the distuibmg 
force of the Sun, which produces periodical changes in the eccentricity of the Moony's orbit, depending 
on the position of the line of apsides 

First Point of Anes The point on the celestial equator reached by the Sun at the Vernal Equinox 
It was formerly in the constellation Aries, whence its name, but the effect of precession has been to 
make it retrogiade into the next zodiacal constellation, Pisces In course of time it will pass right 
round the Zodiac, reaching its present position once more in about 26,000 years 

Flash Spectrum The emission, or bright-line spectrum, visible for a few seconds at the limb 
of the Sun when the Moon has just completely covered the bright photosphere in a solar eclipse It 
IS due to the shallow low-lying layer of metallic gases which produce the absori)tion lines m the noimal 
solar spectrum, each daik line becoming bright for the shoi t space during which the layer is uncovered 
Geountne (1) Referred to the Eaith as centre (eg, the Ptolemaic idea of the Solar System) 
(2) Kefein‘d to tlu‘ ceutie of llu‘ E<uth as <i vu‘w-point, «is in tlu‘ cas(‘ ol ceil am piedicted appaient 
positions ol heavenly bodies 

Gravitcilwn Ihe tendency ol all bodies in the Univeise (o atliatl ont‘ anothei with a loici* 
proportional to then combined mass and inversely proportional to the s([uaie ot their distance apart 
Gihboits An adjective applied to the apparent slupt^ of a planet oi the Moon when moie than 
half but less than the whole illuminated portion is visible (as between hist-(|uartei and full moon) 
Mercuiy and Venus exhibit this, and all othei aspects of the Moon, but the gibbosity of the exteiioi 
planets, with the exception of Mais, is ncwci niaikecl, and none such can appevu less than hall 
illumindtc‘(l 

Great (ArtU A ciicle whose plane passes thiough the ceiitic of a s[)lu'ie, dividing the latter into 
two equal ])oiturns, or hemispheres Ihe ecliptic, tlu' celestial and leiiestnal eciuatois, and all 
meridians of Right Ascension oi longitude au^ examples of (heal (uck's A small ciulc " is one 
which divick's the spheie unequally, its plane not passing through tlu‘ ccmiIk Icxainples aie the 
parallels ol (kxdmatioii and teuestnal latitude, excluding the* equator m each casc^ 

Heliacal Applied to the risings and settings of stars when thest^ phenomena aie obseived 
xespectivt‘ly as eaily or as Lite as is jiossible with unaided vision Such obseiv.itions weie used by 
early astronomeis for the purpose of ck‘termimng tlu^ position of tlu‘ Sun m llie Zocluic, *ind less 
iiccurately foi maikmg tlic progress ot the seasons 

Heliountru (1) Refericxl to the Sun as a centie (eg , ilu‘ ('opeimcan Systtnu) (2) Refeued to 
the centre of Iht' Sun as a vicw-poml In detmmining the futuie place's of planets, comets, etc , 
their heliocentiic positions aio fust of all cakulati'd, and tlien, by taking the JfaithS motion and 
position into account, then geocentric positions A fuitliei collection foi paiallax must be nuulc 
in ordei to arrive at then apparent positions as vu‘we<l at any jiaiticulai place and lime 

Horizon (1) Celestial oi sensible horizon 'Ihe tangent plane to the surface ol the liaiih at 
the place of observation, produced to meet the stai spheue (2) Apparent horizon The same, <is 
actually affected by refraction and by the' lieight ot tlie observer abovc^ the suifacc. (3) Tuic hoiizon 
A plane through the Eaith\ centre parallel to the celestral horizon Note that (1) is a gieal ciick‘, 
and also (3) m the case ol distances that aie almost infinitely gre<it, as with the slais, but (2) is 
generally a small circle 
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Immersion The disappearance of a celestial body due to its passing into the shadow thrown 
by another Familiar examples are eclipses of the Moon and of Jupiter’s satellites 

Inequality (1) Moon’s parallactic, an inequality in the Moon’s motion due to the varying amount 
of the Sun’s disturbing force at new and full Moon It tends to accelerate the time of first quarter 
and to retard that of last quarter (2) Of Jupiter and Saturn, an inequality in the orbital 
motion of these large planets due to their mutual attraction, enhanced in its effect by the close 
commenSurability of the two periods Two periods of Saturn are nearly equal to five of Jupiter 
Ingress The beginning of a transit of Mercury or Venus, or of that of a satellite as it enters on 
the disc of its primary The opposite of egress (which see) Two phases are exhibited, external and 
internal contact ^ Where the predicted time of each of these phases is not given, the term is geneially 
taken to denote the phase intermediate between the two, i e , the moment when the centre of the 
smaller body is on the limb of the larger The same applies to predictions of egress 

Latitude [Celestial) The angular distance of a heavenly body from the ecliptic, measured on a 
great circle at right angles to it In the early days of instrumental astronomy the positions of all 
celestial objects were commonly referred to the ecliptic rather than to the equator, but at the present 
time this is no longer the practice, except for members of the solar system 

Latus Rectum The chord drawn through the focus of a conic section at right angles to the 
major axis 

Lihration The apparent rotational oscillation of the Moon’s disc, whereby small portions of the 
normally invisible hemisphere are alternately brought into view Libration occurs m longitude 
(E —) and latitude (N —S) The former is due to the irregular velocity of the Moon m her 
elliptical orbit, combined with her uniform rotational velocity, the latter to the fact that her axis 
of rotation xS not exactly perpendicular to the plane of her orbit 

Light Year The distance travelled by light in one year, which is 62,900 times the distance of 
the Earth from the Sun, or nearly six billion miles It is a unit commonly employed in state¬ 
ments of star-distances, which are all so vast that the retention of the mile as unit would involve 
the use of figures that would be unwieldy and nearly meaningless The light-year is now being 
replaced, at least for the greater distances, by a still larger unit, the '' parsec ” (which see) 

Limi The apparent edge of the disc of any celestial body, as seen in circular projection from 
the Earth or any other specified view-point 

Limits [Ecliptic) The angular distance along the ecliptic, from the Moon's node, within which 
an eclipse is possible For Solar eclipses the Moon must be within 16® 68' of the node For Lunar 
eclipses the Sun must be within 11° 21' of the Moon's node to insure contact with the umbra of the 
Earth’s shadow 

Local Time The Mean Time at any particular place It can be found by applying the " Equation 
of Time ” correction* to a noon observation of the True ” or " Apparent ” Sun, or by correcting 
the known Mean Time of some standard meridian (such as that of Greenwich) by an amount 
corresponding to the difference of longitude of the two places It can also be found, less directly, 
by determining the local Sidereal Time from the transit of a star, and converting to Mean Time by 
the use of standard tables 

Longitude (1) Terrestrial The angular distance of a place on the Earth’s surface east or west 
of some fixed meridian, such as that of Greenwich Reckoned either in houis, minutes and seconds 
of time, or in degrees, minutes and seconds of arc, as refericd to the great ciicle of the F^iuatoi 
(2) Celestial The angular distance of a celestial body from the First Point of Aries (which s(v‘), 
reckoned m degrees, etc, of arc Its use as a co-ordinate is now confined to the planetary system, 
as explained under Latitude 

Luminosity The real, or actual, output of light of a star or similar body referred to some 
standard, as opposed to its apparent brightness as seen from the Earth (See Magnitude) 

*As the amount o£ this collection is constantly changing, and is only given for Gicenwich Mean Noon, a rough 
knowledge of the longitude of the iiUce ib ueccbsaiy foi ebtimating its amount at any given local time 
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Lunation The period from new Moon to new Moon, or that elapsing between any two similar 
phases It is the same as the Synodic month, its length being 29i I2h 2 7s 

Magnitude (1) Apparent The apparent bnghtness of a star or othei heavenly"'body as 
compared with some adopted conventional standard, such as the Pole Star Stellar magnitudes are 
divided into classes, whose mutual relations aic such that any star is 2 512 times as bnght as one 
that IS a magnitude fainter Apparent magnitudes arc classed as Visual, Photographic, Photo-electric, 
or Photo-visual, according to the methods used in their determination {see Chapter XV) (2) 
Absolute The apparent magnitude which any star would have if situated at one particular distance, 
arbitrarily fixed at ten parsecs, or 32 6 light-years All stars being refeircd to this same distance, 
it follows that determinations of their absolute magnitudes give a measure of their true relative 
luminosities Of course, the distance of a star must first be known before its absolute magnitude 
can be inferred 

Major Axis The straight line passing through the foci of an ellipsi- and mai king its gieatesL 
diameter 

Mass The quantity of matter contained in .i hotly It is nieasiued m leims ol weigh!, but 
differs from the latter m that it is indtpenth'nt ol the force ol giavily at theiioinl which i( ottupics 
The massis of th(‘ he.ivenly liodies are measuied by tlie attiaction they exeit on othei botlies, and 
are reckoned in terms of tlnit of the Sun 

Mean Time Uniformly flowing time, as mdicaltd by a good clock oi similai methamsm IL 
IS regulated by the motion of the “ Moan Sun,” .in imaginary body moving at umfoiin angular sjiecd 
round the celestial equator [See ChapttT XIX) 

Meridian (1) Celestial Tlic groat circli' of Hit' (idestial sphme whuh passes tluough the poles 
and the zenith of the place of observation This is the inc'i idi<m of a given place, hut all gie.it ciicles 
passing through the celestial poles arc called moriduins of Right Ascension (2) Tcrrestiial Any 
great circle passing through the poles ol the ICiith The observer's paiticular meiidian p,isses .ilso 
through his position on the surface Tlie “ Prime ” meridian is that adopted by any countiy or 
countries as a zero for the determination of longitude That of Gi eenwich is now in almost univci s.il use 

Metonic Cycle A lunar cycle discovered by Meton and Euctemon in b c 432 They found 
that, after a period of nineteen years, new and full Moons recurred on the same days of the year 

The Metonic Cycle is 235 synodic months, or 6939 69 days in length, almost exactly nineteen 
tropical years 

Nadir The point on the celestial sphere vertically below an observer at any point on the 
Earth’s surface It is determined by the direction of the resultant of gravitation at the point, and 
IS indicated by a plumb line, or a line normal to the plane of a liquid surface, such as that of mercury 
It corresponds to the zenith of a place at the antipodes 

Node The points in which the orbit of a planet or comet cuts the plane of the ecliptic The 
node at which the body is nsing from the southern to the northern side of the ecliptic is called the 
ascending node, and that at which it is passing from the northern to the southern side, the descending 
node The line joining these two points is called the line of nodes, and is evidently the line of 
intersection of the two planes 

Nutation A smaU variation in the regular processional revolution of the celestial poles round 
the pole of the ecliptic, due to the action of the Moon Its period is the same as that of a sidereal 
revolution of the Moon’s nodes, or about 18 years 220 days Discovered by Bradley 

Obliquity of Ecliptic The angle between the plane of the equator and that of the ecliptic, wliidi 
is equal to half the difference of the meridian altitude of the Sun at mid-summer and mid-winter 
Its amount is subject to a cyclical change between the limits 21° 69'J;:; and 24° 36 ' The value 
at present is about 23 27' and it is diminishing at the rate of about 47" per century Its principal 
effect IS the production of the seasons 

Occultation The disappearance of a distant celestial body through iiitciiiosiLioii of a ncaiei one 
of greater angular diameter The term is most commonly applied to the hiding of a star ot planet 
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by the Moon, oi of a saielhle or star by a planet total solai echpse is, stiictly speaking, an 
occultation of the Sun, though not usually so described 

O^posiUon The relation of two bodies in opposite directions A planet or comet is said to be 
in opposition when its geocentric longitude differs by 180® from that of the Sun, or in other words, 
when both the Earth and the body are m the same- heliocentric longitude, the Earth being the nearer 
to the Sun At such a time the body rises at sunset, sets at sunrise, and is, in general, most favourably 
placed for observation, as it crosses the meridian at midnight It foEows from the dehnition given 
above that only a body exterior to the Earth’s orbit can be in opposition 

Parallax In general, the apparent angular change m the position of an object due to real change 
in the observer’s position It follows from this that the angle thus measured will be the same as 
that subtended at the distant object by the projection of the line between the two stations of 
observation A stai’s parallax is expressed as the angle subtended by the radius of the Earth’s orbit 
as seen from it In the case of a member of the solar system the parallax is the angular subtense 
of the Earth’s equatorial radius as seen from the body It is clearly the same as the apparent 
displacement of the object as it passes from the mendian to the horizon of a place on the equator, 
and IS hence termed the '' horizontal ” parallax 

Parsec A unit of celestial measurement lately brought into use It represents a distance 
corresponding to a parallax of one second of arc, and is equivalent to 3 26 light-years No stellar 
distance yet measured is quite so small as this, the nearest known stai being situated at 1 2 parsecs, 
or 4 1 light-years 

Penumbra (1) The paitial shadow which holders the dark shadow of the Eaith in an eclipse 
of the Moon At the points of the Moon’s surface covered by the penumbra, the Sun is seen partially 
echpsed The shadows of all objects exhibit penumbrae when the source of light is of sensible angular 
diameter as seen from the body on which the shadow is cast (2) The lighter shade surrounding 
the darker portion, or umbra, of a sun-spot 

Per'iastron The point in the real orbit of a binary star at which the components arc at their 
closest It lies on the same line as the apastron point (which see) and is found in the same way 
It seldom coi responds to the position in which the components appear at their closest, as viewed from 
the Earth 

Pengee The point in the Moon’s orbit that is neaiest to the Earth As a result of the eccentricity 
of the orbit, which is more than three times as great as that of the Earth, the apparent diameter of 
the Moon varies between about 33' 30" and 29' 21" in the extreme between perigee and apogee, 
though the range i$ not so great as this at every lunation, owing to a periodic variation of eccentricity 
caused by perturbations The range of this quantity is from about one-fourteenth to one-twenty- 
second 

Penhekon The point in the orbit of a planet or comet at which it is nearest to the Sun The 
prefixes apo- and pen- are also used to denote points in the orbits of the satellites of various planets 
corresponding to aphelion and perihelion, apogee and pengee, etc {e g , pen-Jove, peri-Saturnium) 
Perturhahon A disturbance or inequality in the regular motion of a heavenly body, produced 
by some force additional to that which causes the regular motion The perturbations of the planets 
are caused by their mutual attractions, and those of comets by the attractions of the planets near 
which they pass 

Phase A paiticular aspect of a celestial body, oi stage of some phenomenon, the occurrence of 
which IS subject to progressive or periodic change Thus we speak of the phases of the Moon and 
Venus, and also of the successive phases of a lunar echpse or a transit of Venus Such stages as 
Ingress, Egress, Immersion, etc , are examples of the phases of different phenomena 

Photometry The quantitative measurement of the relative apparent brightness of different 
celestial objects, effected by instruments designed for the purpose Chapter XV) 

Photosphere The visible surface of the Sun, from which the vast majority of its hght proceeds 
Its true nature is still unknown, since the continuity of its spectrum defies analysis. 
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Polarity A term used to define the character of the magnetic field surrounding a sun-spot 
Polarity may be positive or negative, according as the magnetic field corresponds in type with similar 
fields so-named by convention in terrestrial magnetism 

Postkon-angle The angle between the line joining the components of a double stai and the 
meridian of Right Ascension passing through the primary star, t e , the N —S line The angle is 
measured from 0° to 360°, starting at the north point of the held and leckonmg towards the east, 
or countei-clockwise The brighter of the two stars is always taken as the origin and the position-angle 
of the pan is given by the direction in which the companion lies with regard to it {See diagram on 
page 517 ) 

Precession A slow change m the position of the celestial equator, which causes the equinoctial 
points to retrograde along the ecliptic This is due to the pole of the equator revolving round the 
pole of the ecliptic in a period of about 25,800 years This motion is caused by the disturbing effect 
of the attractions of the Sun and Moon on the protuberant matter at the Earth's equator The 
precession of the Equinoxes was discovered by Hipparchus 

Prime Vertical The great ciicle of the celestial sphere which passes through the zenith, nadir, 
and the cast and west points of the horizon 

Proper Motion The apparent angulai motion (annual oi centennial) of an individual star 
lelativc to its surroundings as a whole In most cases it is due to the combined effect of the star's own 
motion and that of the solar system To obtain the star’s true velocity, relative to the visible universe, 
it IS necessary to find also the rate of its motion m the line of sight and, after finding its distance, to 
1 educe its apparent angular motion to a linear value In both cases, of course, the known velocity 
and direction of the Sun’s motion must be allowed for 

Quadrant (1) The fourth part of a ciicle, comprising 90° of the cucumfeience as viewed fiom 
the centre (2) An instrument designed for measuring angles up to 90° Much used by the eailier 
astronomers, especially at the epochs immediately preceding and following the invention of the 
telescope The mural quadrant was mounted on a section of wall lying in the meridian, and performed 
the functions of the transit-circle of later days Such quadiants were divided direct to 90° along 
their entire arc Hadley’s quadrant, the forerunner of the modem sextant, was only 45° m extent, 
but, as it worked on the leflecting piinciple, each V conesponded to 1° m the measurement of angles, 
and was theiefore so marked {See pages 768 and 820 ) 

Quadrature A term applied to the position of a planet oi similar body when its geoccntiic longitude 
differs from that of the Sun by 90° Tlu^ Moon is lu quadiature when at her first and last quarters 
The outer planets exhibit then maximum phase, oi apparent defect of illumination, when so placed 
Radiant That pom! or small area in the heavens from which the meinl)ers of a meteoric showei 
appear to diverge Actually the paths of th(‘ meteors are sensibly parallel to one another, their 
divergence being an effect of perspective 

Radius Vector The line drawn at any moment fioin a moving body to the centre round which 
it moves In a circular orbit the radius vector is constant in length, bi^ng equal to the radius of the 
circle, but m an elliptic orbit it vanes m length with the position of lh(‘ moving body 

Rate {Clock) The amount by which a clock gains or loses in twenty-four hours If the clock 
loses the late is positive (“h)> if it gains it is negative (—) Ihe steadiness oi umfoimity of rate 
IS the true test of the excellence of a clock Its error (the cumulative effect of its rate) is immaterial, 
so long as its exact amount is known, though it may cause some inconvenience if allowed to become 
too great 

Refraction The bcmding ol a ray of light which takes place when it passes fiom one transparent 
medium to another of different density Familiar astronomical examples are the action of the lenses 
of a telescope, and that of the atmosphere In the latter case the effect, apart from minor irregularities 
and distortions, is to increase the apparent altitude of aU celestial objects except those situated m 
the zenith The amount of this elevation is at a maximum on the horizon Atmospheric refraction 
IS influenced to some extent in its amount by the temperature and density of the air which causes it 
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Retrograde Motion (1) The apparent reversal of the ordinary west to east motion of a planet or 
comet among the stars, due to the Earth’spwn orbital motion m the same direction In the case of an 
evtenor planet it occurs only near the time of opposition, at which point it reaches its maximum 
(2) Applied to the real motion of a satellite or comet when it is opposite in direction to the normal 
motion for such bodies, which is counter-clockwise as viewed from the north side of the ecliptic 
Reversal (1) Instrumental A method of testing the coUimation adjustment of a transit 
instrument by reversing the telescope in its supports, so that the eastern end of the axis shall he in 
the western support, and vice versa (2) Photographic The direct production of a positive instead 
of a negative image of a bright object on a photographic plate, generally the result of violent 
over-exposure (3) Spectroscopic The occasional or periodic change in the character of the lines 
in a spectrum, either from bright to dark, or from dark to bright The Flash Spectrum (which see) 
IS an example of bright reversal, and the stratum of gases causing it is consequently referred to as the 
“ reversing layer ” 

Right Ascension The angular distance of a celestial body fiom the Fust Point of Aries, measured 
in an easterly direction along the equator It is occasionally reckoned m degiees, minutes and seconds 
of arc, referred to the equator as a great circle, but more commonly in hours, minutes and seconds 
of sidereal time It corresponds to terrestrial longitude, the First Point of Aries being the " Greenwich ” 
of the celestial spheie It is, however, measured continuously in one direction up to twenty-four 
hours, whereas terrestrial longitude is measured m two directions, up to 180° east and west 

Saros A lunar cycle discovered by the Chaldaeans It is eighteen years and eleven and one 
third days in length (or ten and one third days if there have been hve leap years in the interval), 
and corresponds to the period of revolution of the nodes of the Moon’s orbit with reference 
to the Sun Hence after this period the solar eclipses will tend to repeat themselves m the same 
order During the period of the Saros the number of eclipses is about seventy , twenty-nine of tlu' 
Moon and forty-one of the Sun 

Scintillation The twinkhng of stars, due chiefly to the mutual interference ol rays sutleiiiig 
refraction in varying directions through mequahties of atmospheric density On nights when 
telescopic defimtion is at its best there is little or no twinkhng of the stars Planets, especially those 
of large apparent diameter, do not exhibit the phenomenon of scintillation unless very low in the 
sky, or when the atmosphere is exceptionally disturbed Mercury, having a small disc, and appearing 
always near the honzon, seldom shines with a perfectly steady hght 

Secular Apphed to changes or processes which are either indefimtely progressive or take place 
over immense penods of time (e g , the secular acceleration of the Moon’s mean motion) 

Selenography The study of the physical features of the Moon’s surface 
Sidereal Time Time measured by the rotation of the Earth with regard to the star-sphere as 
a whole It varies with the longitude of each place on the Earth, being defined as the hour-angle 
(west of the meridian) of the First Point of Anes It is reckoned continuously to twenty-four hours 
from this point, and it therefore follows that any given star crosses the meridian at the local sidereal 
time which is equal to its Right Ascension 

Solstices The points on the Echptic which he at the maximum distance north and south of the 
celestial equator The Sun occupies the northern point (the summer solstice of the northern hemi¬ 
sphere) on June 21, and the southern on December 2L At the present time the northern point 
(always at Qh of R A) is among the stars of Gcmim near the “ feet,” and the southern (.ilways at 
18/j of R A) in tlic constellation Sagittaiius Reference to an almanac will show that, on these 
days, the Sun enters the signs Cancer and Aquarius respectively, but, owing to precession, these 
signs no longer correspond to the constellations originally associated with them 

Sothic Cycle The penod m which any particular day in the ancient Egyptian year of exactly 
365 days would travel completely round the seasons It was reckoned to commence at the date when 
Sinus (Sothis) rose hehacaUy at the Winter Solstice of the northern hermsphere, and was calculated 
by the Egyptians to be 1,461 years in length Actually it would be about 1,600 years long. 
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6/W A solid whose smlacc would bo defined by the lolation of an ellipse round one of its 
7 ; / IS considered as taking place round the minor axis the spheroid is said to be 

oh ate, mid if lound the major axis, prolate A rotating spheiical body tends to assume tlie Lure 

EaiTh°Lt ^blateness depending upon the angulai speed of rotation The 

Eaith is a slightly, and Jupiter a considerably, oblate spheroid 

pl^^net’s oibit at which the body appears stationary (as 

g Its motion in longitude) among the stars as scon from the Earth t ominonly, two stationary 
positions are reached duiing a compaiatively short jiciiod, enclosing between them the aic of 
ctrogrcssion which is greatest in apparent length for a neai planet For an outer planet these 
ponhs will obviously be 1 cached some little time before <ind after opposition respectively 

Synodic A teim applied to the movements or periods of planetary bodies iclative to the Sun 

10 synodic movement of a planet is the amount by which its motion exceeds or falls short of that 
of the Earth round the Sun, while its synodic period is the time which elapses between two successive 
rctunis to inferior 01 super 101 conjunction, or to opjiosition The synodic month is the penod from 
New Moon to New Moon, and is the same as a “ lunation ’’ ^ 

Syrygy The position of the Moon when at eitliei the New 01 Full jiliase, * r , when at conjunction 
01 opposition •' 

Immnalor 1 he line which divides the d.iik horn the ilhiimnated poihon of the disc of a planet 
01 of the Moon In the case of a body rotating with regard to the Sun it marks the region of sunrise 
01 sunset, as the case may be At new and lull Moon, 01 for a jilanet at similar phases, the tciminator 
coiaudos with the limb, oi appaient margin of the disc 

Transit (I) The passage of a celestial body across some lixed geometiical line, such as the 
meridian 01 the jnime vertical (2) Ihe jiassage of .1 body between the eye of an observer and an 
apjiaiently largmi object beyond, so that the ne.irer object appears projected on the face of the more 
distant one Ajiphed cspecuilly to passages of Mercury and Venus across the disc of the bun, 01 of 
the ScLtelhtcs of Jupiter or Saturn across the disc of the planet 

Trepidation A supposed oscillation of the eeliptic. having a penod of about 7,000 yeais, imagined 
ly le Arabian astronomers to account for the discordances in the determination of the period of 
procession in consequence of this motion, the equinox was supposed to oscillate backward and 

forward through a space of about twenty degrees It is now known that " trepidation” has no 
foundation in fact 

Tropics The two paraUcls, or “ small circles.” on the Earth's surface which have each a latitude 
(north and south respectively) equal to the obliquity of the ecliptic, or about 23° 27' The northern 
parallel is called the Tropic of Cancer, since the Sun is overhead at that latitude when it reaches 
hat ^ The southern, for a like reason, is called the Tropic of Capricorn In popular parlance. 

the term tropics is generally, though incorrectly, apphed to the region lying between these two 
pauillels 

Iroptcal Year The time which elapses between two successive passages of the Sun through the 
Vernal Equinox, or hirst Point of Aries ” The length of the Tiopical Year is 366i. 5h 48w 46 61s 
or appioxiifiately 3661 days ’ 

Twilight The refracted sunlight, visible after the Sun has set or before it nses It is always 
leckoned to begin and end when the Sun is 18° below the horizon In all jilaces m the noithein 
heniisjiheu- having a latilude g.ealer than 48^, twilight lasts all night on June 21 The same holds 

Im places south ol latitude 48J,“ south on Decembi'i 21 In London twilight lasts all night horn 
May 23 to July 20 o & 

Umbra, (1) The dark central portion of the shadow of the Eartli or any other opaque body 
Within this, the true shadow, a spectator would see a total eclipse of the Sun, but from the penumbra 
a partial one In the case of a lunar eclipse the portions of the Moon withm the umbra appear ruddy 
,or copper-coloured owing to the refraction and selective absorption of the Sun’s light by the Earth’s 
•Atniobplicrc (J) Ihc ddiLcbt, gciicrully tlu' (.ciiiitil, portion of <i sun-spot, 
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Vanatton [Lunar) An inequality m the motion of the Moon, due to the var3nng amount of the 
Sun’s disturbing force This causes a maximum velocity of motion at new and full Moon, and a 
mimmum velocity at the “ quarters,” or quadratures 

Vertex The top of the discs of the Sun, Moon or planets, or the point at which a great circle, 
passing through the zemth and the centre of the disc, intersects the upper limb as seen erect m the 
sky Thus the position of the vertex on the disc depends on the azimuth of the object and only 
corresponds with the north or south point at the moment of meridian passage In predictions of 
occultations the points on the Moon’s limb at which the stars are to disappear or reappear are 
reckoned m angle from the vertex as well as from the north point 

Zemih The point of the celestial sphere which xS directly overhead, and the direction from 
which a plumb hne would fall Its apparent place in the heavens is determined entirely by the 
position of the observer on the Earth, and the time of the observation For a fixed observer the 
Declination of the Zenith remains constant (neglecting the minute penodic change in his latitude), 
and IS equivalent to his latitude Its Right Ascension is, of course, constantly changmg with the 
rotation of the Earth 

Zodiac A belt of the sky extending along the echptic, within which the Sun, Moon and larger 
planets always remain It is generally considered as extending about 8° or 9° on either side of the 
echptic, being thus 16° or 18° in breadth The twelve “signs” into which it was divided by the ancient 
astronomers no longer correspond to their appropriate constellations, owing to the effect of Precession 

PART VI 

A SHORT SURVEY OF THE HISTORY OF ASTRONOMY 

By W Alfred Parr, F R A S 

At the close of a work like the present, which has marshalled before the reader’s eyes the pageantry 
of the heavens m some of its most marvellous aspects, but in which from the very nature of 
the book itself no attempt has been made to follow any historical sequence, it seems more 
than usually imperative that, in order to obtam a proper sense of perspective, a short account should 
be given of the gradual development of the science which, more than any other, has brought man into 
touch with the infinite There is scarcely a subject which loses more than astronomy by any attempt 
to dissociate it from its history In no other sphere of knowledge is the gradual unfolding of human 
genius so palpably shown as m this slow endeavour throughout the centuries to unravel the mysteries 
of the stars A brief survey, therefore, of the various steps by which mankind has come into pos¬ 
session of its present vast store of astronomical knowledge can scarcely fail to interest those who have 
yielded to the fascination of the foregoing pages At the beginning of the Seventeenth Century 
Kepler wrote in memorable words “ For it is my opinion that the occasions by which men have 
acquired a knowledge of celestial phenomena are no less admirable than the discoveries themselves,” 
and few will deny that the history of the oldest and grandest of the Sciences possesses a charm far 
transcending that of many another record of human activity It has been truly said of mathematics, 
upon which the whole science of practical and theoretical astronomy is based, that its history is one 
of the wmdows through which the philosophic eye looks into past ages and traces the line of intellectual 
development Human progress is intimately associated with scientific thought, and the problems of 
astronomy, in particular, have ever called the-mind’s highest energies into requisition 

The history of our science naturally falls into three great departments Its early beginnings were 
purely geometrical and were concerned solely with the determination of the positions and relative 
motions of the heavenly bodies This was the era of observational or practical astronomy, which was 
cultivated by the nations of antiquity and brought to such a relatively high state of perfection by that 
remarkable people, the Greeks Indeed, their system dominated the science for fourteen ccntuiies, 
and has even left its indelible impress on our science of to-day From the days of Kepler and Newtoui 
however, the idea of a compelling cause for the observed motions began to assert itself, so that the 
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second era was characterised by the dynamic conception which created that gravitaUonal or theorehcal 
astronomy which runs parallel with and permeates the older form To this amalgamation a third 
kind of astronomy was added with the advent of the telescope This last division of the celestial 
science is the descnpUve or physical astronomy which Galileo called into being when he applied the 
newly invented telescope to the heavens, and which has formed the bulk of the material treated of in 
the pages of this work The telescope, the most potent weapon that astronomy has ever possessed, 
at once widened and deepened the science in a manner that can scarcely ever be equalled The frontiers 
of the universe were pushed back, so to speak, at one blow, and ever since the early pioneer observations 
of (^ahleo the process has gone on until, with those powerful adjuncts of the telescope the camera, 
tlie spectroscope, and the interferometer - man has been able to fling his outposts farther and farther 
afield into the realms of immensity 

To chronicle as concisely as possible the salient features of this onward march of the forces of astro¬ 
nomy IS the object of the accompanying chart, which offers, as it were, a bird's-eye view of the history 
of the science Beginning with the year a d 1500, the epoch immediately succeeding the Revival of 
Science in Europe, and continuing down to the present day, the chart presents in its vertical columns 
a chronometrical, and in its horizontal columns a contemporary, miniature history of astronomy, 
winch will be found to embrace the chief biographical, theoretical, and instrumental details of any 
given period In order to bring the whole scheme within reasonable dimensions, the vertical spaces 
have been <irranged in periods of fifty years, so that the various landmarks in the evolution of modern 
astronomy appear in close perspective This method serves to show in a graphic manner how com¬ 
pletely each stage in the progress of the science has depended on that whu h went before, while it also 
affords <i comprehensive mental picture of the development as a whole A sense of propoition, also, is 
thus imparted to the conception of history which can rarely be gained from a mere perusal of abstract 
dates or a study of isolated periods Moreover, by adopting this system of charting it is possibk‘ tu 
enter on a separate study of the contained matter in a specific way, for the descending columns give a 
compressed history of any particular subject, while the horizontal columns treat of any particulai 
period, and they may thus be utilised as a kind of index to the appropriate subjects which are so fully 
described m other portions of this work 

Before, however, entering upon a detailed study of the chart itself, it will be well to take a rapid 
glance at the leading discoveries which man had succeeded m making throughout the long ages that 
preceded the time of Copernicus Thus we begin with 

PRIMITIVE ASTRONOMY 

From the earliest times the Heavens had been studied m Egypt, India, and C hina The path of the 
Sun and Moon amongst the stars had been found to follow a zone which for convenience of seasonal 
nH'ognition was divided into the series of star-groups knojvn as the Zodiac Tlie pninary divisions 
of ih(^ y('ar and month were determined, the motions of the five planets Mkrcttry, Vfnus, Mars, 
JupTn^R, and Saturn were studied, and the Obliquity of the Eciiptk was inc^asuic'd by the nations 
of iintiqnity, the most systematic astronomical observations being those of 

THE CHALDEANS, 

who map out the Constellations about 2000 b c , and who discover that the Phenomena of Eclipses 
repeat themselves in the Saros Period, or cycle of eighteen years The next great advance is made by 

THE GREEKS 

640 BC Thales of Miletus holds the Earth to be spherical, and predicts a solar eclipse (The 
Gnomon is in use, and Sundials are constructed) 

580 B c Pythagoras, according to his disciple Philolaus (400 B c), speculates upon the motion 
of the Earth, and notices that the planets move m separate orbits 
408 B c Eudoxus of Knidus demonstrates the planetary motions by the aid of geometry, and sets 
up the hypothesis of Concentric Spheres (afterwards elaborated by his pupil Kalippus) and 
thus inaugurates the era of Scientific Astronomy as distinct from philosophical speculation 

[ConUnmA on 97^, 
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CHRONOMETRICAL CHART OF THE DEVELOPMENT 


PBRIOD 

biographicai< 

THEORETICAI, 

AD 1600 

[Time of 
Henry VIII, 
Bdward VI ] 

CoPCRNiCUS, 1473-1543 (Works in Polisn 

Prussia) 

Tycho Brahi'., 1646-1601 (Denmark and 

Bohemia) 

The Geocentric SvbTBM of Ptolemy, which (geometrically valid though physic^^ 
inadmissible) had been dominant for 14 centuries, is brought to renew^ 
prominence by Feurback (d 1461) and J?a?io)»o«iam(S (d 1476) , but the 
Heliocentric System is dednitely revived by Copemtemm his De Revoluitombus 
Orbtum CeUsltum ” (1543) which, however, still retains the assumption of uniform 
circular motion with eccentric and epicycle 

1550 

[Mary, 
Elizabeth ] 

Galileo, 1564-1642 Vitaly) 

Kepler, 1571-1630 (Bohemiaand 

Germany) 

SCHEiNER, 1575—1650 (Germany) 

Tycho, by collecting a vast mass of valuable observations, ^5? 5® 

theori4 of Kepler, who, finally discarding the geometrical makghifts of the 
Anaents, adopts the elliptical form of orbit and introduces the Dy^mic 
Conception into Astronomy by his Three Laws of the planetary melons These 
form the connecting link between the theories of Copermeus and the discoveries 
of Newton 

1600 

[James I, 
Charles I, 
Common¬ 
wealth ] 

Hevelius, 1611-1688 

HORROX, 1619-1641 ( 

HtJYGHEisrs, 1629-1696 ( 

ISTewton, 1642-1727 f 

Flamsteed, 1646-1719 ( 

Germany) 

England) 

Holland) 

England) 

England) 


Gahleo, by his telescopic discovery in 1610 of Jotiier’s Satellites and the P^ses 

OF Venus, firmlv establishes the Copemican doctrine, ^d lays the foun^tion of 
Observational Astronomy Schetner, from the observation of ^ Sunspots, 
discovered m 1610 by Fabncius and Gahleo, determines the Sjui s rotation 
Horrox predicts on dynamical principles, and is the first to observe (with Cr^tree) 
a Transit of Venus in 1639 Napier facilitates astronomical calculation by hi& 
invention of Eo<>arithms in 1614 

1660 

[Charles II, 
James II, 
William III, 
and Mary ] 

Halley, 1666-1741 ( 

Bradley, 1693-1762 { 

England) 

England) 

Ru>cu>h, Heveltus, and GnmaMi lay the foundation of Seilnograpi^ by constnict^^^^^ 
iunar charts Huyghens discovers the true nature of Saturn 8 Ring in 1069 
Nmton,hy the publication of the “ Prinapia - (1687) establishes the Unification 

OF Celestial and Terrestrial Science, and shows Kepkr s Laws to proceed 
from the action of Universal Gravitation Flam ^teed, whose lunar obst rvations 
aid Newton's calculations, foims the First Modern Star CATAioGur 

1700 

[Anne, 

George I & II ] 

Wm Herschel, 1738-1822 ( 
Eaplace, 1749-1827 ( 

England) 

France) 

Halley predicts on Newtonian Principles the Return of the Comet of 1082, makes the 
first determination of Stellar Proper Motion, and the first Southern Star 

Bradley discovers the Aberration of U^^ht and the Nutation of the Fartu s 
Axis, thus laying the foundation of accurate stellar astronomy 

1750 

[George III ] 

Bessel, 1784-1846 i 

Fraunhofer, 1787-1826 i 

John Hfrschel, 1792-1871 i 

'Germany) 
Germany) 
[England and 

S Afiica) 

Wm Herschel, by his discovery of Binary Stellar Svsn ms, shows Newton’s I arei? to 
extend throughout the visible universe He discoveis Uranus in 1781, and by his 

telescopic researches becomes the pioneer of Dlscripiivi Astronomy 

Laplace publishes the Nebular IlYPonirsis, 1766 (suggested by Aanf, 1765), nnd 
summaiises Astronomical Matheiiiatics in his MeuaniQUit Celeste (1799) 

1800 

[George IV, 
William IV, 
Victoria ] 

EE Verrier, 1811-1877 (France) 

Secchi, 1818-1878 (Italy) ^ 

Adams, 1819-1892 (England) 

HuGOms, 1824-1910 (England) 

Schiaparelli, 1835-1910 (Italy) 

EoCKYER, 1836-1920 (England) 

Gill, 1843-1914 (England and 

S Africa) 

E C Pickering, 1846-1919 (America) 

Discovery of the first two Minor Planets (Ceres and Pallas) by Piazsi and Gibers 
respectively about 1800 Braimhofer measures and catalogues the Dark l^WES 
in the Spectrum of the Sun and stars in 1815 n „ ^ 

Bessel fust Measures the Distance of a Star by deteimmmg the Parallax of 6i 
Cygm, and fmtheis acciuate Astronomy by his Star Catalogue, 1818, founded on 
Bradley's observations J Herschel extends his father’s Survey of the Bfavfns 
to the S Hemisphere Adams and Le Verner give to Giavitational Astronomy 
its crowning distinction by the Theoretical Dxscovi ry of NIvPTUNE m 1846, 
telescopically confirmed by Galle 

1850 

[Victoria ] 

Maunder, 1851- (England) 

K APXDYN, 1861—1922 (Holland) 

EOWELL, 1855-1916 (America) 

Keeler, 1867-1900 (America) 

Barnard, 1857-1923 (America) 

Newall, 1857- (England) 

Turner, 1861- (England) 

Campbell, 1862- (America) 

Wolf, 1863- (Germany) 

Crommelin, 1866- (England) 

Hale, 1868- (America) 

Dyson, 1868- (England) 

Fowler, 1868- (England) 

Eddington, 1882- (England) 

Shapley, 1885- (America) 

Ktrchho^ luteiprets the Fraunhofer Uinls m the Sotar Spectrum, 1869, thus 
laying the foundation of Astrophysics Secchi foiras the fust Cxassificatidn 
OF Stellar Spectra, 1863, since amplified by VogU (1883) and latterly greatly 
developed by Pickering at Harvard Huggins discovers Gaseous Npbula (1804) 
and establishes Spectroscopic detwmination of Steltar Radial Motion (1868) 
Janssen and Lockyei, by their Spectroscopic Observation of the Solar 
Prominences (1868) mauguiate Solar Physics, since greatly developccl hy 
Young, Maunder, Hale, howler, and Deslandrcs Schiaparelli (Umonstrales the 
Connexion between Comets and Meteors (1866) and, with I owtll, develops 
Planetary Observation By spectroscopic means demonstrates Ni bular 

Radial Motion, and Pickering, Vogel, and Campbell the existence of Binary 
Stellar Systems G H Darwin oiganises in 1877 a new departure in theoretical 
Astronomy by his reseaiches m Tidal Friction and Pianitary iwoinriON 

1900 

[Victoria, 
Edward VII, 
George V ] 

[ 

1 ’ 

Kapteyn initiates (1904) important reseaiches in Star streaming, while Shapley 
and others examine the extent and Distribution of Sxar-Clustfrs 

Einstein, by introducing his Theory of Relativity (1905), exercises a profound 
influence on Giavitational Astronomy, to test which Dyson (as Astronomer Royal) 
organises the successful Fclipse Expedition of 1919 with Eddington and Crommelin 

W S Adams (of Mt Wilson) devises a method of determining Sti liar Paraiiax 
Spectroscopically, and Hale demonstrates the existence of a Magnetic Phi d 
m thevCYCLONic Phenomena of Sunspots 

Hale and Pease are the first actually to measure (1920) the Diameter of a Star 
( a Ononis) by the mterferpmetric method 

Eddington makes important researches in Stellar Constitution 

Russell and HerUsprung modify and extend the Classification of Stellar Spectra 
proposed by Lockyer by the introduction of the Giant ** and “ Dwarf ” system of 
Stellar Evolution, thus adding the factor of mass to temperature and density 
Employment of The Statistical Method m the elucidation of Cosmical Problems 
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OF ASTRONOMY AND ASTROPHYSICS 


INSTJR.UMENTAI, 

'Tht Instruments known to the Ancients, viz, the Gnomon TnTnTTT.T^orT,, « 

Astrolabe, QuAT>^s.Al:^^ and Spxiant, continue m use ^J^nJdWam^rTd 
use of Clocks in astronomical observations vvaufier (d 1504) introduces the 

GENERAI, 

During this century Astronomy is still 
^der the Influence of Greek 
^AD iTioN and is at first solely 
Geometrical, treatmg of the Motions 
or the heavenly bodies 

Tycho equips his ObsbRVATOky Uraniborg with greativ and arvM„-oi..i„ a i a ^ 

v™r, who bnngs it 

•“s -s 

the last to make observations without Tflpscopic Sights bn? theory Hevehus is 

^CROMETER about 1640, and Ptcard definitely iiiaSguiat*’the adopfaon”of thi® 

CONTJUNCXION WITH THE QUADRANT aaoption of the TELESCOPE IN 

Rise of the Dynamic Conception m 
Astronomy, which after Galileo is 
Physical, and after Newton Gravi¬ 
tational, treatmg of the appearance 
\and mutual attraction of the heavenly 
bodies 

^uyghem adapts the PrNDULUM to Astronomical Clocks (1056),and invents the CoMPormn 
while both he and Utvclius improve definition by employingI ubdless Aeriat 
over 100 feet long promses afoun of PFFLrcTiNo Ti LcsooPETn I.^^^^actors 

the first in 1668, while he also becomes the pioneci of the Spictrosoope bv h c^^^stnicts 

with a PRISM in*1672 invents the Cnsit 

hy Schemer) about 1690 Parts Observatory elected 1071, GRrrJwicnTB^ 

with Flamsteed as first Astionomcr Royal ’ dnwicii ubservatory, 1675, 

The Replectino Telescope IS improved by//niiZuy and SAorf f 723 and iTBSi tcii.icn j 

C«ry. and Ram.den a.e the most'eelebrate^d constr'uctois of QUADRAN^Ib^l^ tots 

Rise of Descriptive Astronomy and 
Cosmogony with Wm Her^ckel and 
Laplace 

noUond invents the Achromatic Refractor, 17S8 (suggested h^Hall 17231 

apertT m"i78r“‘'^® construction of Rrm croRs and eiecjs his 40 f6ot Tplpscopp (of 48 m 

Gumatid improves the manufactuie of Optical Gi ass, 1799, enal»iig FrawiJwier to constmel t 
Refractors (« g , Dorpat 9 O-mch, mounted 1824) ® Mrgf 

applies the Sppctr^ to Astronomy, 1815, adapts CiocK work Motion to Telfscopes 

1824, and erects Uie fust Heliometlr, 1829 Reichenhau Repsold. and Troushton effect 
Improvements in Instrumcnt-Making early m this ccnlmr lord kosse ereSs hi? Great 
Reflector (J2-in apertuie) at Parsonstown, 1845 Draper, Bo^, De la Rue, and Rutherford sm-nlv 
the Camera to Astronomy (1840-64), while Huggm^t employs i;spectroscopically, l8Ga ^ 

Rise of Chdmicai Astronomy with 
Fraunhofer, treating of the composition 
of the heavenly bodies 

Popularisation of Astronomy set on 
foot by Lalande and Bode, while Proctor, 
Ball, Flammarion, and Agnes Clerke 
continue the work in their lectures and 
writings 

Royal Astronomical Society and British 
Astronomical Association founded 182U 
and 1890 

During this century Astronomy gradually 
widens its sphere and establishes a 
Ul^lFICATION OF THE SCIENCES, by 
extending terrestrial and planetary 
gravitation to stellar systems, and by 
showing the essential identity of 
cosmical matter throughout the visible 
universe 

O^he instalment of the PiiOTonmoORAPn at Kew m 1858 representsthe first icgular application of"th^ 
PnoTOGRi^Hrc Method to Astionomy (since gi tally developed hyj^oewy and Puiseux Roberts Wolf 
Barnard, and otlieis), while m 1887 irill «uul inaugurate the International Photo- 

Chari of the Hctivcns Stetnhiil and J<oucault propcie Siivfred Giass Reflectors 
( 1866) whde Cooke erects the inst Gri ai Rffraucor (The nLu 26 inc“ 187ofsmcfei:cSd 
by others culminating in the Jack i6 inch and the YLRrs 40 inch (1888-1897) The 
mtlATORiAL COUDI eicctccl .it Pans, 1882 The AsTROPHVsieA) Obsi RVAiORiis of Pots2im and 
founded, 1874 and 1886 Howland .idvanecs bpcetroscopiby the introduction of Machine 
RILLED Diffraction Gratings HaU and Doslandres devise (ideWlently) the SpSt^^S 
F?^d ffls’e^PES (1896) the employment ifV“oSii m connexior^to 

The Mount -W-ilson (3bsi rvatory is established (1905) and equippe. with astrophysical instruments 
m their latest development, e g , Hori/onial and Vertical Colostat Telfscopfs (Snow and 

7 ower Telescopes) , Ori'ai Ri fli ctors {bi) inch and lOO-mch i^rrors by Ritchey), Spectro 
GRAPHS, Spbctrobolomi ti rs, ctc, while the usual Chemical a it) Physical Apparatus of the 
P^^g^ecl into the service of Astronomy 72 mch hj^ror mounted at Victoria, B C 
(1918) Hale and Pease apply the Inxi rfi romi ti r to the 100 inckReflector on Mt Wilson f 1920) 
and suggest a still larger instiument on similar lines for the mtsuremert oi stellar diameters 
WiRFLESS Methods take their place in Modern Observatory Pactice 

Modern research in the Structure of 
IHD Universe is greatly influenced by 
studies dealing with the Nature or 
Matter itself, as well as by the 
Philosophical Deductions drawn 
from the Relativist View of Time 
and Space 
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,, -first to teach the doctnne of the Earth’s Dturnal Rotation 

the (E^ployme,,* 0 . 

the ArmlUry Ecomims and Epcyck, 

ApoiioKTOS o» PBEGA J ‘, tiqmty, «stahhshes the science on a tan footing 

HIPPAKCHUS, the aston^^ ^ He 

of Tnso.mA^ and, by hisprease observational methods, ensnres 

accurate results (Employmmt of the ^ 3 ^ complete compendium of all the 

PxoLKMV OB Alexandria elaWesm^^^^^^^^ predLssors, thus dis-^ 

astronomy known m his tm , f Lstarchus The Ptolemaic, or Geocentric System 

After tta tatte Ale^ndnan School of Astronomy dechne, until after the Manied.. Con^si 

m A D 642, the next advances being made by 

THE ARABS , 

ALMAMOK fonnds a school of astronomy at and has Ptolemy s timjys 

“5.l“?tt‘m». celebrated astronomer d the Arabs, mahes acenrate obs«vations. 

and compiles valuable Astronomical Tables 
Al-Sufi revises the Alexandrian Lift of Stars 

Conn"L^S?w1lte^.^;ro,pvAr„«v at Samomo,^. -md lompilcs a 
valuable Star Catalogue . , Purone continues the cultivation 

THE MOORS 

CX'TSa and repeat, the ohservations ol 

Albategnius ^ Almagest ” is translated into L.itin, and about 

S:ot?o x” “c; a" Tofedo tfe mUs. compiled by the best 

mathematician, o. ‘h'^ ..^t, draw, the aUenlion ol Western 

The impulse thus given (SackobIco) publication of a Treatise on the Sphere 

ah™230,^tnrNT^^^^^^ de Cusa’s speculations on th Planetary System about 1440, prepare the 
way for the advent of Copernicus ' , , 
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